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FOR QUICKER, EASTER. 
CABLE & PIPE LINE 
ACG 


DURABLE - LEGIBLE - INDELIBLY PRINTED IN ANY COLOUR 
CAN BE USED WITHOUT TOOLS-RESISTANT TO FLUIDS AND HEAT 





HERTS PHARMACEUTICALS LTD. WELWYN GARDEN CITY 
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Produced 
on 


9 oz. Press 
75 cycles 


Qecumulators are Ohsolete/ 


Every H.P.M. press is equipped 
with its own self-contained 
hydraulic system. There is 
therefore no wastage of power 
and no long, cumbersome pipe- 
line. Maintenance costs are 


reduced to a minimum 


Oil has replaced water as 
a pressure medium. 


Lubrication is automatic. 
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THE NEW CONSTRUCTION 
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British Manufacture INVENTED AND DEVELOPED BY 


HORDERN-RICHMOND LIMITED 
HADDENHAM + BUCKS 
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ee Two roads diverged in a yellow wood, 
And sorry I could not travel both 
And be one traveler, long I stood 
And looked down one as far as I could 
— I took the one less traveled by, 
And that has made all the difference @®@ roserr Frost (U.S.A.) 


Industry at the cross-roads, you might say, and your future for the next 
twenty-five years will depend on the decisions you make to-day. 

Specially processed paper is already serving many industries—Plastics, Aircraft, 
Electrical, Rubber, Boot and Shoe, etc. Enquiries from the development and 
laboratory staffs of other industries into the applications of PAPER and Cellulose 
Fibres are always welcomed by the research chemists of this great organisation. 
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MANUFACTURERS OF BODY PAPERS FOR PLASTIC LAMINATED MATERIAL AND SHOCK. 

PROOF MOULDING POWDERS, PREPARED TRACING PAPERS, DYELINE, FERRO-PRUSSIATE, 

PHOTOGRAPHIC, ABRASIVE AND SOCKING PAPERS. ALSO OF DRAWING CARTRIDGE AND 

NATURAL TRACING PAPER, WAXING CARTRIDGE, INSULATING PAPER, GREASEPROOF 
GLASSINE AND PAPERS FOR OTHER INDUSTRIAL REQUIREMENTS. 


WIGGINS TEAPE & ALEX PIRIE ‘SALES) LIMITED, ALDGATE HOUSE, MANSELL STREET, LONDON, E.!. 
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Alice in Plasticland—No. 3 





Bice finds Plastics Perplexing 


The first thing that Alice saw , pictures in the old books, but 
when she entered the Elo works | she had a lively appreciation of 











was a large showcase. ‘‘Sothese | ’planes, telephones, tanks and 
are plastics,’’ thought Alice, | supersportscars. It was interest- 
seeing the Telephones, the Fish- | ing to find that plastics were 
ing Reels, the Distributor Caps, | used in fighter ‘planes, tanks. 
the Light Switches. ‘Why, radioand television sets, and 


I’ve been using some of had done a good job of work 
these things for years.”” For in the war effort. ‘‘Plastics 
Alice was a modern Alice. are certainly interesting,’’ 


She might look like the Waiet= | mused Aliceand movedalong. 


PEASTICS 


Full reliable information and data from Research Section, BIRKBYS Ltd., Liversedge, Yorkshire 
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S cocteltiate in 
_ Injection Moulding 
_ 
ue in its most up-to-date form 
\| ...new designs. ..new ideas 





INJECTION MOULDERS id. 


WESTMORELAND RD., LONDON, N.W.9. Tel: Colindale —_- 


ROSSELLS 


(ESTABLISHED 1845) 
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Bills GRADE STEEL MANUFACTURERS 


FOR NEARLY A GENTURY 


PRESS TOOLS 
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What-no set screws? 
ome Thats right WE SAID 
Chuck it ! HE SAID 


Vacuum Chuck it, you mean, we continued — 
that’s the only possible solution to the problem of 
holding components for machining without dis- 
tortion and with absolutely accurate location. 
Moreover, we went on, rubbing it in, with the 
Vacuum Chuck it is possible even in mass pro- 
duction to hold to ‘ tenths’ where previously it 
was a problem to hoid ‘ thous’. Perhaps we can 
design and make a Stationary or Rotary Vacuum 
Chuck that will solve some particular production 
difficulty in your factory? Gib precision for 
industry has the tools, the staff, the daring and, we 
believe, the happy knack of coping successfully 
with ticklish jobs. 


) 
2 PE PRECISION 


for I N D U S T RY ' Holds work-piece in metal or rubber without 


distortion. 
2 Maintains the closest possible degree of accuracy 
in machining up to tolerances of -°0002”. 


3 Guarantees accurate location of component and 
B. G. (London) Ltd., 17-19, Stratford P!ace, Oxford St., London, W.I. makes it unnecessary to remove burrs caused by 


el: May. 1585-7, previous machining. 
Works: Lewis Lane, Cirencester. Tel :: Cirencester 434. 
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Before June is out.... 
BLACK-OUT CHART FOR JUN 


oc Ny 
V4 MOON 
PHASES 





15 1030 1045 0 | IHS 445 50 Hh 530 545 


FULL MOON 
TUES. 6TH 


C 
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NEW MOON 
TUES. 20TH 


WG 


115 1030 1045 HO IMS 4550 515 530 54 FIRST QTR. 


WED. 26TH 
tan Pr 
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‘ke Times shown are those Reproduced from the Nautical Almanac by per- 
for the London area. mission of the Controtler of H.M. Stationery Office. 


Before June is out the hours of black- enough for making certain that out- 
out lengthen. The longest day has put is maintained, for good lighting 
gone. Ahead, once again, is the prob- exhilarates and sustains the workers. 


lem of how to bring daylight seeing 
Choose carefully and wisely the lamps 


you use. Osram 1s a_ worth-while 
Only the best of good lighting is good choice. 


sr SEC 


PRODUCT 


conditions into the blacked-out factory. 

















THE WONDERFUL LAMP 


Advt. of The General Electric Co. Ltd., Magnet House, Kingsway, London, W.C.2 
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BLANC-FIXE 
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BARIUM 
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BENZOYL 
PEROXIDE 


AMMONIUM 
PERSULPHATE 


SODIUM SULPHIDE 
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% Limited quantities 
available for ex- 
perimental 

















purposes. 


LAPORTE 


B. LAPORTE Ltd. LUTON dims: AUTO, 00! 
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INSTRUCTION IN 


PLASTICS TECHNOLOGY 


NEW organization has been 
formed to supply ambitious 
people interested in the Plastics 

Industry with modern instruction in 
Plastics Theory and Practice. 


The new organization, known as 
The British Institute of Plastics Tech- 
nology, is the specialist Plastics 
Division of The British Institute of 
Engineering Technology Ltd., one of 
the - largest home-study technical 
training organizations in the world. 


Specialist Plastics Courses are being prepared 
and will be available within a reasonable 
period. Those interested are advised to 
submit their names and addresses, when full 
particulars will be forwarded as our tutorial 
plans mature. Enrolment for the special 
courses will first be offered to those whose 
names have thus been recorded, but no 
obligation whatsoever will be incurred in 
lodging an application. 


THE BRITISH INSTITUTE OF 
PLASTICS TECHNOLOGY 


2, Shakespeare House, 


17/19, Stratford Place, London, W.1 
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Have you considered 


PEROBESTOS ? 










~- Fer 


In the world of plastics Ferobestos is becoming 


B more and more employed in solving specific problems 

" of industrial production. This laminated plastic can be used at high temperatures 
and is chemically resistant to all but the strongest acids and alkalis. It does 
1 not swell in water and can be lubricated either by oil or water (special grades are 
. supplied for dry running). Hard-wearing and easily manipulated, it can be obtained 
; in tubes, rods, sheet form or moulded to special requirements. Our technical depart- 


iT ment will gladly collaborate with you in any new developments. 


| FEROBESTOS 
- Plastic Products = 


MADE BY FERODO LIMITED . CHAPEL-EN-LE-FRITH 
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URAWIRE 


MOULDER 
SERVICE 


{ est. 1099 2 


-CRYSTALATE 


SS 


FAGGS ROAD, FE M, MIDE. SSSR. 
TELEPHONE :- ELTHAM 


DURATUBE & WIRE LTD. gy 
woo 





SERVICE 


TONBRIDGE, KENT 
HADLOW 233/4/5 





For the grinding of 

all kinds of Powders, 

Chemicals, Minerals, 

Colours, Paints, Enamels, 

etc. Supplied lined with 

hard Porcelain, Silex, or special 

> a, oe can pe oe to suit 
particular classes of work. 

CRYSTALATE Send for our free illustrated literature. 


STEELE & COWLISHAW, LTD., 

ING THE TRADITION 

OF 45 YEARS EXPERIENCE Engineers 

1M THE ART AND PRACTICE (Dept. No. 27), COOPER STREET, 

OF PLASTIC MOULDING AND HANLEY, STOKE-ON-TRENT. 
TOOLMAKING London Office: 329, High Holborn, W.C.1 

Telephone: Holborn 6023, 


Heatly 4 « Cantady's Sapriance ig f 
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FOR PLASTIC MOULDS 





THOS. FIRTH x JOHN BROWN LTD SHEFFIELD 
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You Can Save Time, Ensure Quality, Cut Rejects 
by Using Victor X-Ray Equipment 


Victor offers you a complete line of 
shock - proof, climate-proof industrial 
x-ray apparatus—with a full range of 
power up to and including one-million 
volts—in a variety of types to meet 
every requirement. It also offers you 
the services of its experienced industrial 
x-ray engineers who will help you select 
just the right unit and method to meet 
your particular need. 



























Thus, if you manufacture munitions or 
materials vital to victory, and you 
require x-ray in your inspection facilities, 
Victor offers you an unbeatable combi- 
nation of experienced men and thoroughly 
tested machines. It’s a combination you 
can rely on to save time, ensure quality, 
and cut costs. Fuller details can be 
obtained from Dept. IF/9. 





CORPORATION Lin yrs. 


15-19 CAVENDISH PLACE, W.I . LANgham 4074 
Branches 

Birmingham - - 55 Pershore Street - - - + + + Midland 2110 
Manchester - - Milne Buildings, 66 Mosley Street - - Central 0275 
Glasgow - - - 34 West George Street - - - + - Douglas 1884 
Bristol - - - 73 QueenSquare + + - - = = Bristol 20890 










Old hands at.- 
NEW JOBS 


To this most modern of industries Cornercroft brings 
old experience; to old experience they add the most 
modern precision equipment. As a result they are 
able to produce tools and dies for plastics to the 
highest standards of accuracy. Ask Cornercroft to 
tackle your plastics problems. 


CORNERCROFT 


(PLASTICS) L?® 


- 


SUBSIDIARY OF CORNERCROFT LTD ACE WORKS: COVENTRY 
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Extract from Chairman’s Statement issued 





with the Company’s Annual Report: 





“Those who are planning new ventures will have been 
“encouraged by the announcements of the leading Banks to 
“provide finance in a liberal measure for efforts of promise. 
‘Ideas and talents in production combined with finance can go 
‘far, but the third essential is experience of distribution and it 
“is here I feel the large Stores can help. The extent to which 
“ overseas markets in the past have had to be searched in order 
‘to obtain new lines of merchandise and novelties has not been 
‘fully realised. The urge to ‘ Buy British ' will be greater than 
‘‘ever—quite apart from the limitations which are likely to be 
‘placed on the amounts of currency available for imports. This 
‘“ surely provides a vast field of opportunities for new endeavours 
‘and Selfridges will be anxious to offer services for displays, 
“publicity and support in connection with any new productions 
‘of promise in wood, plastics, metal, leather, rubber, textiles, 
‘china and glass or other materials, and to render, if possible, 
‘aid in co-operating with the production and marketing of such 
“merchandise whether by existing Houses, new businesses or 
private individuals.” 


* * * 


SELFRIDGES Limited, Oxford Street, LONDON, W.1 


Issued by the Merchandise Office. 
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Moments that Matter . . 





= 
ANDING on an air- 
craft carrier is a tricky 
moment; the landing 
officer stands with ‘ bats’ 
outstretched, the arrester 
wires engage, but it’s the 
skill and nerve of the 
pilot that’s most import- 
ant. You can be sure, 
too, that mouldings are 
helping somewhere; it's 
things like this that make 
us put all we know into 
















the design and manu- 
facture of our products. 


For - 
Mouldings ‘az Matter . . 


= KENT MOULDINGS ix 


enoce.evORs: HOLSTER Un ANORS Limivee Kolsterphone, 


_ FOOTSCRAY, KENT Sideup. 























THE GAUGE and TOOLMAKERS' 
ASSOCIATION LIMITED 








Established as a central national organisation 

to further the interests of and promote co-operation 

between all Manufacturers engaged in the Gauge and 
Toolmaking Industry. 


All information from the Secretary 
STANDBROOK HOUSE - OLD BOND STREET - LONDON W.1 
Telephone: Regent 3451-2 
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world-famous 

Terry factory come 

steel clips, bronze clips, 

stainless clips, big clips, 

little clips, wide clips, narrow 

clips — in fact clips in every con- 
ceivable shape and size. 


Illustrated here are two of our stock 
patterns, 80 and 81, made in a range of 
sizes to grip from { in. to 1} in. 

Maybe a clip of special shape would be 
necessary for the job you have in mind. Well, 

we can help you because we make clips for 
hundreds of uses, including many patterns for 
wat purposes. We can make to print or specifica- 
tion, or our Research Department will design for you. 


Our knowledge of clips has advanced side by side 
with our 88 years’ spring-making experience, and we 
should like to send you our wartime catalogue. 


Sole Maker: : 
HERBERT TERRY & SONS LTD., REDDITCH 
LONDON MANCHESTER BIRMINGHAM 


CUPS 
by TERRY SPRINGS 


% and just a few 
special shapes we == SC ey! 
have made toorder. 
T.C.4 






Established 1855 











































Telephone: Gloucester 2288 (3 lines). 
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AVE you a problem in which 
“ the uniform feeding of material 

would be an advantage? 

The Patent Gardner Diaphragmic 
Feeder has been redesigned to 
reduce irregularities in the feeding 
of material to a minimum. 

The material is fed in bulk in 
a ‘“*U”’ shaped Hopper in which a 
slowly revolving agitator keeps the 
material in a free-running state. 

A control slide allows the 
material to enter the feeding 
chamber only as required to keep 
it full, and suitable agitators are 
fitted to prevent packing. 

The material finally passes 
through the diaphragm, a principle 
of feeding long established by 
Gardners in many industries and 
originally patented by them many 
years ago. 

Micrometer control of the size 
of opening has been introduced 
to ensure greater accuracy of 
discharge. 

Many hours’ supply of material 
can -be fed in the Hopper at 
one charge. 

Machine is equally successful for 
adding small or large quantities 
to bulk. 
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LONDON: 19, Gray’s Inn Chambers, 20, High Holborn, W.C.1. 


WM. GARDNER & SONS (Gloucester) Lid, Bristol Rd., Gloucester 


Telegrams : ‘‘ Gardner, Gloucester.” 


Telephone: Chancery 7347. 
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SAVE PAPER 


i More than ever is paper waste required for our war 


: industries. 


Waste paper makes munitions in a : 


; hundred forms—from shell cases to aeroplane parts. : 





: The fact that goods made of raw materials in : 
; t supply because of war conditions are : 
: advertised in this journal should not be taken as } 
: an indication that they are necessarily available : 

for export H 
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The Future of Synthetic Rubber 


ps all the plants in the United 
States for producing synthetic rubber 
get into full production there will be an 
estimated output of 865,000 tons per 
annum, 80 per cent. of which will be 
Buna S made from butadiene and styrene. 
What this will mean, indeed, what the 
already enormous production has meant, 
to the Allied nations cannot be estimated, 
but the fortunes of war might well have 
been very different if the U.S.A. had not 
created this remarkable chemical wonder- 
land. As a fight against technical, 
economical and political difficulties, it has 
no parallel in chemical or other history of 
human endeavour. The plastics industry 
is faced with the almost stupifying fact 
that within such a small space of time (is 
it two or three years?) the U.S.A. has 
produced yearly a weight of synthetic 
rubber equal to about five times that of 
her total annual production of other 
plastics. 

What, when war’s alarms cease and 
when natural rubber appears again in 
quantity, will happen to the synthetic 
compound? A recent issue of ‘‘ The 
Manchester Guardian ’’ makes note of 
what it considers the most convincing 
analysis of this problem so far published 
—a pamphlet by Melvin A. Brenner 
entitled ‘‘ The Outlook for Synthetic 
Rubber,’’ published by. the National 
Planning Association, Washington, D.C. 
Mr. Brenner’s findings are remarkable for 
their broadness of view. He does not 
believe that the U.S.A. should make itself 
independent of natural rubber, but, on 
the other hand, the country must not be 
entirely dependent on a war material 
available from distant sources only. Thus, 
from the point of view of war strategy, a 
nucleus of plants should be maintained 
developing synthetic rubber, with a fur- 
ther number in reserve which could be 
brought into production at very short 
notice. He advocates a continual stock 


of natural rubber to meet an emergency 
and to cover a possible lag. 

The continuance of the production in 
the synthetic would also stabilize world 
prices since it seems clear that it can be 
produced at between 15 and 20 cents a 
pound, which is about the same as the 
pre-war price of natural rubber. There 
will be no need for the plants to close 
immediately after the war is over, for a 
considerable time must elapse before 
plantations are restored to normal work- 
ing, even supposing the Japanese carry 
out no ‘“‘ scorched-earth ’’’ policy. This 
will give time for factories in the U.S.A. 
to overhaul the economics of the various 
processes and to choose the most efficient 
of them. 

On the whole, Mr. Brenner foresees that 
many plants must be closed, but also the 
ability of synthetic rubber to compete 
economically with natural rubber, 
although there may be some form of 
Government support for the production 
from grain alcohol because of pressure 
from farming interests. 

Other factors will affect the action of 
the Governments of U.S.A., Great Britain 
and Holland. The welfare of the peoples 
of the countries where natural rubber 
grows must be taken into account, and it 
is possible that Mr. Brenner has noted its 
importance. 

One may venture to speculate on the 
possible effect of future quality. At 
present, synthetic rubber presents certain 
advantages over natural rubber, and the 
latter has certain advantages over the syn- 
thetic. We do not doubt that it will be 
possible one day to make synthetic better 
than natural rubber in all ways. At least, 
we are less likely to make _ rubber 
better than the synthetic in all ways 
economically. What, we may ask, will 
happen then? Perhaps we should not let 
our imagination run away with us. 
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Plastics and Building 


O* another page in this issue we give 
abstracts of a report on the use of plas- 
tics applied in the building industry and 
published for the Ministry of Works. The 
report itself has been compiled by a 
special committee convened by the British 
Plastics Federation and is a welcome 
addition to our knowledge of the subject. 
Of first importance is its timely appear- 
ance at a period when misconceptions, at 
least in the public mind, have led to 
extravagant and, indeed, often ridiculous 
demands on the plastics industry. The 
report will also act as an extremely useful 
guide in the future when considering 
applications to other industries. 

In many ways, the findings were to be 
expected, and the conclusion that 
moulded and jaminated plastics other 
than resin-bonded plywood as at present 
available are unsuitable for use as tensile 
structural materials will surprise no one 
and should cause no undue concern. This 
much past experience has told most of the 
plastics industry, and, besides, we can 
look forward with confidence to greatly 
improved moulded plastics. There is also 
the little matter of reinforced plastics 
which may yet give the building industry 
the tensile structure it requires. 

The committee has a clear conception of 
what the building industry can mean as 
a market for its products, and this is 
reflected in its recommendations for a 
close liaison between the two and for 
research and standardization. Indeed, if 
we keep these recommendations and our 
shortcomings in mind, and strive continu- 
ally to overcome the latter, neither indus- 
try will regret the collaboration. 

For the time being, and for the imme- 
diate post-war period, there is ample work 
for the plastic producers, moulders and 
fabricators to contend with. In one of its 
appendices the report details over 180 
actual and potential applications of 
interest to the building industry under 
Heating and Ventilating, Plumbing, Elec- 
trical Equipment, Gas Installations, Tele- 
communications, Mechanical Installa- 
tions, Acoustics and Farm Buildings. 
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Expanded Plastics 


r a recent paper referring to ‘‘ The 
Future of Plastics,’’ we made mention 
of the production of expanded chlorinated 
rubber for use in low-temperature insula- 
tion. 

Dr. P. Schidrowitz, the well-known 
rubber technologist, informs us_ that 
expanded chlorinated rubber was first 
described in the technical literature in 
1935 (Journal of the Society of Chemical 
Industry, August 9, 1935, Vol. LIV, No. 
32) by P. Schidrowitz and C. A. Redfarn. 
In this paper the method of production 
and the characteristics of the expanded 
material are described. 

At a later date, November, 1938, in the 
‘*India-Rubber Journal,’’ Dr. Schidrowitz 
describes the insulation value of chlorin- 
ated rubber. At that time, no thermo- 
plastic product had found commercial use 
as a heat insulator. 

We are glad to give publicity to the 
above facts. We ourselves first encoun- 
tered commercial samples of the material 
in 1940. 


Retail Trade and Plastics 


C= readers may remember, in the 
piping days of peace, the need for two 
movements to promote the education of 
the public vis-a-vis plastics. One of these 
expressed itself in the hope of the forma- 
tion of a permanent exhibition analogous 
to that in Bond Street devoted to building 
materials; the second tried to stimulate’ 
the interest of some of the larger and 
better-known stores in London where dis- 
plays especially devoted to plastics might 
be found. It is heartening, therefore, to 
read the annual report of the chairman of 
Selfridges. Referring to the need for 
exporting in, post-war years and to the 
coming urge to ‘‘ Buy British,’ he states 
that Selfridges will be anxious to offer 
services for displays, publicity and sup- 
port in connection with any new produc- 
tions of promise in, amongst other 
materials, plastics. 

This is a generous offer, and we hope 
that much use will be made of it. 
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Plastics Industry 


OME interesting facts regarding the 

raw material needs of the plastics indus- 
try were given by Dr. W. J. Worboys, 
of I.C.I., in an address to the Institute 
of Plastics Industry, London Section 
(May 25). These needs, he said, would 
be conditioned by the varied nature of 
the industry. ; 


Syntheses at 1,000 Atmospheres 


People who lightly refer to the plastic 
motorcar, aeroplane or house, he said, 
may not realize that the industry 
embraces such widely different processes 
as chemical syntheses at 1,000 atmo- 
spheres pressure, and chemical syntheses 
at —100 degrees C. Again, there is the 
moulding of complicated parts for Radar 
assemblies as well as of everyday articles 
such as door knobs and ashtrays, or the 
making of transparent resin sheets to 
clothe airmen’s emergency packs, and the 
sheets which form the hoods and turrets 
of aircraft. As a final example I refer 
to the preparation of resins for laminat- 
ing fabrics and for the bonding of the 
plywood used in the Mosquito aircraft. 
The raw materials for the plastics industry 
vary according to the section of the indus- 
try concerned. For moulders it would 
probably mean a compression or injection 
moulding powder, and for the extruder 
an extrusion compound. For fabricators 
it would be wrought products—sheet, 
rod, tube, etc.; but for the maker of 
moulding powders and extrusion com- 
pounds, and in some cases for the makers 
of wrought products, the raw materials 
would generally be organic chemicals. 

Three points might be considered, said 
Dr. Warboys. First, what new plastic 
materials might be available to British 
manufacturers in the near _ future? 


Secondly, what basic raw material would 
be required for the manufacture of these 
new plastic materials and also for the 
present materials? 


Thirdly, would the 


basic raw materials available in this 
country be such as to enable a full and 
effective range of plastics to be developed 
and sold directly, or as components in 
other manufactured goods in the domestic 
and export trade in competition with 
other countries? 

In the light of these points, Dr. 
Worboys then examined the question of 
the major plastic materials now manufac- 
tured in the United Kingdom and the raw 
materials commonly used. 

“‘ For the present range of thermoset- 
ting plastics, i.e., phenolic and amino 
moulding powders and resins, the main 
raw materials are the tar acids, phenol 
and cresol, together with urea and for- 
maldehyde. 

‘‘ For the cellulose group of plastics 
the main raw materials are cellulose, 
together with nitric acid for celluloid and 
acetic acid for cellulose acetate. For the 
acrylic resins we use acetone, cyanide and 


methanol. Polythene and styrene require 
ethylene, at present derived from 
alcohol. 


‘“The vinyl resins, i.e., the family 
which includes polyvinyl chloride, poly- 
vinyl acetate, polyvinyl] alcohol and inter- 
polymers of these materials, are made 
from acetylene derived from carbide. 

“Nylon, one of the newest of our 
plastic materials, is made from benzene 
or phenol. 

““These are our main current raw 
materials, and I have purposely omitted 
reference to essential minor materials, 
e.g., camphor and other plasticizers.’’ 


Raw Material Groups 

These raw materials could be grouped 
as follow:— 

Phenol, cresol and benzene are coal 
tar distillation products. Phenol, of 
course, is also synthesized from benzene. 

Methanol, formaldehyde, urea and 
nitric acid are products of the synthetic 
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nitrogen industry which itself is based on 
coal. 

In other words, these materials rested 
on two domestic industries, tar distilla- 
tion and synthetic nitrogen, which were 
well founded. The raw materials for the 
plastics industry derived from these 
should, therefore, be available in the 
quantities required, and at prices which 
would enable Britain to compete any- 
where in the world. 

Calcium carbide was the source of the 
acetylene required for the vinyl group, 
and carbide required for its manufacture 
coal, limestone and cheap power. Before 
the war British requirements were 
imported from Scandinavia and Canada, 
countries with cheap water power. Two 
plants based on power generated from 
coal were now manufacturing carbide 
here, from which vinyl resins were 
obtained. The post-war economics of 
home-produced carbide could not be dis- 
cussed now, but the importance of coal 
prices had to be appreciated. Should 
acetylene from domestic carbide not be 
an economic route for vinyl resins, 
recourse would then have to be made to 
imported carbide, or the possibility of 
making vinyl resins from ethylene would 
need to be examined. This process is 
now well established in North America, 
and a pilot plant has been operated in 
this country. 

Alcohol, which is made from molasses, 
is the source of the ethylene required for 
polythene and styrene. Alcohol is also 
the raw material from which domestically 
produced acetic acid is made, and acetone 
is manufactured from either alcohol or 
molasses. 


Non-indigenous Raw Materials 
For the plastics at present manufac- 
tured in Britain, Dr. Worboys explained, 
the only raw materials not truly indigen- 
ous were those based on molasses and 
alcohol, namely, acetic acid, acetone and 
ethylene. 


Substitutes for Molasses 


Alcohol was made by the fermentation 
of molasses, but if adequate supplies of 
molasses were not available at economic 
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prices alcohol could be made by the fer- 
mentation of potatoes or corn or other 
waste agricultural products. If for any 
reason alcohol was not available then 
ethylene could be obtained from coal or 
coke oven gas or from the gases obtained 
from oil cracking. The concentration of 
ethylene in coal or coke oven gas was 
generally low, and if Great Britain wished 
to recover ethylene from such sources she 
must solve not inconsiderable technologi- 
cal problems of concentration and separa- 
tion, if the resulting ethylene was to be 
sufficiently cheap. 

Similarly the amount of ethylene in oil 
cracking gas was not high unless the oil 
was cracked specially to produce ethylene. 

Oil cracking gases generally contain 
propylene as well as ethylene, and from 
this propylene acetone can be made. 

Acetic acid was manufactured from 
coal in America by a process based on 
the interaction of carbon monoxide and 
methanol, a process which was quite 
possible here. 


U.S. Developments 

Dr. Worboys then considered the plastic 
products now manufactured in-America, 
but not made in this country—or only in 
small quantities up to now. Examples of 
such plastic materials were polyvinylidene 
chloride, polyvinyl butyral, ethyl cellu- 
lose, cellulose acetobutyrate, and these 
required for their manufacture similar 
raw materials to those already used in 
Britain, namely, ethylene, acetylene, and 
acetic acid. The butyrals and butyrates, 
in addition, required butyl alcohol. 
Normal butyl alcohol was manufactured 
in Britain before the war by the fermen- 
tation of molasses, and isobutyl alcohol 
was now manufactured here from coal by 
a modification of the methanol synthesis. 


Advantages of an Oil Industry 

Newer plastic materials were appearing 
on the American market such as mela- 
mine formaldehyde, C.R.39 and other 
cross-linking resins; they also enjoyed a 
wider range of plasticizers. Many of these 
new plastic materials and plasticizers were 
based on less common organic chemicals 
derived from the oil industry, and there 
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was no doubt that the presence in the 
United States of a large petroleum indus- 
try did procure many organic materials 
which at present were comparatively 
scarce here. 

It should not be assumed that Britain 
_was necessarily excluded from many new 
developments in organic chemistry 
because we had no oil industry. There 
was often more than one route to the 
preparation of a given organic chemical 
and, until recently, Britain had neglected 
her coal industry as a source of organic 
chemicals. 


Synthetic Rubber without Oil 


‘‘ Here it should be remembered that 
a large proportion of the synthetic rubber 
made to-day—the synthetic polymer with 
the largest tonnage developed so far—is 
not based on oil. Even in the United 
States I believe that a substantial propor- 
tion of the synthetic rubber production is 
made from ethylene derived from alcohol 
rather than from petroleum gases. In 
Russia, too, where large quantities of 
petroleum are also available, synthetic 


rubber has been produced from alcohol 


made from potatoes or corn, and in 
Germany they produce synthetic rubber 
from coal and have succeeded in building 
up a large organic chemical industry with- 
out petroleum.’’ 

The conclusion Dr. Worboys drew from 
his necessarily brief consideration of the 
raw material position was that so far as 
the synthesis of new polymers and inter- 
polymers was concerned, development in 
this country should not be inhibited by 
any lack of suitable raw materials, but he 
urged that serious considerations should 
be given to coal as a source of organic 
chemicals. 


Future Production Problems 


It was not yet possible to say whether 
the raw materials required for the devel- 
opment of new plastic products would be 
available at prices enabling Britain to 
compete effectively in the world markets, 
without more knowledge of their eventual 
sources. 

First, in this industry the raw material 
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frequently represents only a small per- 
centage of the total cost of the article 
finally sold to the public. Secondly, the 
purity of the raw material; there was 
increasing evidence to show that this 
purity often had a profound effect on the 
course of polymerization reactions and 
consequently on the properties of the 
resulting polymer. This was important 
both to the maker and to the ultimate 
user. In certain cases it might mean that 
the cheapest source of a raw material was 
not always the best. 


New Plastics 


Dr. Worboys hesitated to prophesy 
what new plastic materials were likely to 
appear in the next few years. Although 
some of the new materials would no doubt 
replace many of the existing ones in some 
uses, he thought that new materials 
would very largely be complementary to 
existing ones. As an example of new 
materials he predicted that there would 
certainly be new fibre-forming polymers 
developed. From these polymers, fibres 
would be spun which, whilst they would 
certainly find some normal textile appli- 
cations, would, because of their special- 
ized properties, also find specialized and 
industrial applications. Further he said 
that from existing plastic materials or 
modifications of them, and from quite 
new materials, new wrought forms with 
a variety of desirable properties would be 
developed. These would be attractive to 
fabricators and also to many _ other 
British trades. 


Plastics Contribution to Export Trade 

Dr. Worboys considered that the 
plastics industry should make a substan- 
tial contribution towards the country’s 
post-war export trade. It was a new 
industry in all countries as well as in 
this country, and it should be able to 
produce new products for export or 
enable.old products to be presented more 
attractively. This, he thought, was 
important because of the inevitable 
changes in the export trade which would 
flow from the industrialization which had 
taken place in overseas markets. 





JUNE, 1944 


PLASTICS 


Behaviour of Plastics 
at Elevated Temperature 


Continuing from “ Plastics,” 1944/8/231, a Digest after Frey in “ Schwezer 


Archiv,” 1944/10/39. 


In This Part of the Account, Elastic and Plastic 


Behaviour of the Synthetic Resins under Various Conditions is Studied 


vious instalment of this account, it 
will have become obvious that the 
mechanical properties of organic materials 
must be characterized not merely by 
strength values and elastic modulus, but 


F vious observations made in a pre- 
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Fig. 6.— Curves showing relationship 
between elastic hysteresis and stress in a 
plastic material subjected to loading in 
shear. 





that temperature and time factors are 
equally of vital importance. 

In this respect, the problems to be 
encountered bear some relationship to 
those involved in endurance and creep 
tests on metals. Apart from a few special 
instances, however, temperature effects 
begin to manifest themselves in metals 
only in the strongly heated state. Creep 
phenomena in steel, for example, are of 
no significance in connection with, shall 
we say, the framework of a sky-scraper. 
With plastics, on the other hand, such 
phenomena becomeé of account well within 
the temperature range. « It is proposed in 
the following notes to attempt to deter- 
mine the elastic and plastic properties of 
synthetic resins in relationship to chemical 
composition. 


The general findings, it may be noted, 
are valid for all organic materials, which 
betray in this regard merely differences in 
degree of reactivity and not in kind. 
Thus, even with fully cured thermosetting 
resins, say, of the phenolic or urea types, 
accurate measurement will show that the 
behaviour exhibited by such materials 
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Fig. 7.—Curves for elastic and plastic 
deformation of acetyl cellulose subjected 
to tensile stress: curve A, maximum 
loading applied in 4 seconds; curve B, 
maximum loading applied over 4 days. 
Under condition A the material exhibits 
perfect elastic behaviour, whilst under con- 
dition B behaviour assumes a plastic form. 


differs but little in kind from that of the 
thermoplastic types, although the latter 
give much more marked effects. 

Let us take a test piece of cubic form 
and subject it to deformation in shear. 
As a measure of deformation will be taken 
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Fig. 8.—Stress-strain curves for various 
plastic materials: A, glass; B, phenolic 
resin at —195 deg. C.; C, phenolic resin 
at +20 deg. C.; D, polystyrene at —195 
deg. C.; E, polystyrene at + 20 deg. C.; 
F, cresol resin at —195 deg. C.; G, cresol 
at +20 deg. C. Typical curve for spring 
steel within the elastic range is shown at H. 
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Fig. 9.—Relaxation-time/temperature curve 
for turpentine rosin. The marked de- 
pendence of elastic properties on viscosity 
is here illustrated. 
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the angle shear 7, the load applied being 

measured as the shear stress y. (Fig. 6.) 
Normally, problems of elastic and plas- 

tic deformation considered in the light of 


*Hooke’s law do not take into account a 


time factor, nor do they allow for flow 
phenomena, which may be manifested at 
the temperature of test. The curves 
shown in Fig. 6 find their counterpart for 
tensile stresses in Fig. 7. Nevertheless, as 
shown in Fig. 8, at low temperatures and 


/ 
/ 





VA 








VOLUME 






































20 0 20 40 60 80 
TEMP. °C 
Fig. 10.—Curves derived from volume/ 
temperature relationships for polystyrene 
containing: 10 per cent. plasticizer (A) ; 
5 per cent. plasticizer (B); 3 per cent. 
plasticizer (C) ; polystyrene without 
plasticizer (D). 
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at high rates of deformation, organic 
materials do obey Hooke’s law. Under 
other conditions, relaxation time is so 
great that its effect does not make itself 
felt, and it is possible, therefore, granted 
these conditions, to speak of a true elastic 
modulus. If, however, somewhat 
elevated temperatures and lower speeds of 
deformation are maintained, then relaxa- 
tion effects become more pronounced and 
determinations of elastic modulus give 
lower values. It is possible to gain a 
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closer approximation to the true elastic 
modulus in such circumstances, however, 
by taking the value for the tangent to 
the commencement of the stress strain 
curve. 

The conception, then, that for the ful- 
filment of Hooke’s law it is necessary to 
limit testing temperatures to within rela- 
tively low limits, leads automatically to 
a consideration of the effects of tempera- 
ture itself. 

A better appreciation of the position is 
gained by considering together values for 
the elastic modulus and viscosity in rela- 
tionship to temperature. In general, the 
elastic modulus is not considered particu- 
larly sensitive to temperature. Thus, in, 
the case of glass it alters only 2 per cent. 
for the temperature interval 0 degrees C. 
to 500 degrees C. Furthermore, for a 
whole range of materials, the elastic 
modulus is, remarkably enough, some- 
where in the order of 1,000 kg./mm.?. In 
the case of viscosity, however, the situa- 
tion is very different. First, viscosity 
depends very much upon temperature, 
although, in spite of much research, no 


general relationship has been“ found for 


any wide range of temperatures. The 
closest experimental findings show that 
the relationship is probably exponential, 
with a big drop in viscosity at high tem- 
peratures and a smaller drop at lower tem- 
peratures. The effect on relaxation time of 
the temperature dependence of viscosity 
can be very significant, as shown in 
Fig. 9, with respect to a natural resin. 

Other determinations have shown that 
the relaxation time, which at room tem- 
perature may be of the-order of days or 
weeks, may, in the case of a material 
softened almost to melting point, diminish 
to values of the order of 10-12 or 10-1 secs., 
as, for example, in the case of glass. 

It should be noted that the softening 
process here being considered, and which 
is responsible for the mechanical 
behaviour of the plastics when stressed at 
elevated temperatures, is very different 
from the melting process occurring with 
crystalline compounds of relatively low 
molecular weight. As is well known, a 
time/temperature curve for a chemical 


PLASTICS 


257 


individual of low molecular weight 
exhibits sharp breaks at the melting and 
freezing points, and the transition from 
the solid to the liquid phases is well 
defined. The materials we are discussing 
possess high molecular weights and 
exhibit, on heating, what might be 
termed a softening interval rather than a 
definite softening point—there is no sud- 
den transition. It has been shown by 
Uebérreuter that the cubic expansivity of 
these materials, which may be measured 
with comparative ease, undergoes marked 
changes during the softening interval and 
may, in fact, be employed as an indirect 
method of ascertaining that interval. 

Incidentally, these curves are mostly 
obtained in the form of cooling curves and 
not heating curves. Cooling curves of 
polystyrene are given in Fig. 10. From 
these, the softening effect of the plasticizer 
will be noted, the softening interval being 
depressed to a markedly lower tempera- 
ture range. Incidentally, the curves in 
Fig. 10, presenting, as they do, a marked 
break, are obtained by extrapolation from 
the experimental points at the commence- 
ment and end of the true “‘ freezing ”’ 
curves. 

The mechanical effects of the softening 
process which take place in organic 
materials when they are heated, are best 
visualized with respect to a mechanical 
model consisting of a helical spring con- 
necting with a piston working in a cylin- 
der filled with an ideal liquid of high 
viscosity.. If now, a tensile load be 
applied to the spring, the rate of loading 
being very high, the energy put into the 
system is taken up by the spring, hence 
the complete unit exhibits purely elastic 
behaviour, as the viscous fluid prevents 
immediate movement of the piston. If, 
on the other hand, tensile loading be 
slowly applied to the spring connected 
with the piston, then ‘‘ deformation ”’ 
occurs in the fluid contents of the cylin- 
der; energy input is no longer confined 
to the spring and according to the exact 
rate of energy input, so will the system 
behave plastically, the elastic reaction of 
the spring being more or less suppressed. 

(To be continued) 
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Physical Behaviour and 
Testing of Plastics 


By H. BARRON, Ph.D. 


i ee growth in the use of plastics in 
the building, engineering and allied 
industries has been so rapid in recent 
years that it is felt that it is precisely the 
physical properties which are of out- 
standing importance for most practical 
applications. 

It is therefore interesting to study 
simply and briefly the methods generally 
employed to evaluate these properties, 
for it then becomes possible to select the 
best material for any specific field. 

There is no doubt that much more 
accurate information on mechanical 
properties is essential. As Livingston 
Smith has pointed out: ‘‘If the engineer 
is to consider the use of plastics in stressed 
parts he will require more complete, and 
certainly more accurate, mechanical data 
than are at present generally available. 
The behaviour under stress of all plastic 
materials is very different from that of 
metal, as will be understood when it is 
recalled that their structure consists of 
long chains held together by secondary 
forces as compared with the crystalline 
structure of metals. This difference is 
reflected in the methods necessary to 
secure accurate test data. Thus, plastics 
seldom exhibit a marked yield point; they 
tend to creep at normal temperatures, and 
they fail to obey Hooke’s Law precisely. 

“In testing plastics, one must also bear 
in mind the effect of moisture content and 
temperature. Great care is necessary to 
subject test pieces to a standard condi- 
tioning treatment before test. It is also 


necessary, if the test is to occupy any 
length of time, to arrange for constant 
conditions of temperature and humidity 
in the testing laboratory.’’ 

In Great Britain most testing is carried 
out along lines laid down by fhe British 
Standards Institution. It is a most unfor- 





tunate circumstance that very few 
standards have so far been set up relating 
directly to plastics. Indeed, only one 
publication, B.S.S. 771/1938 is directly 
concerned with detailed testing of plastic 
moulding materials—even this is confined 
in its scope to phenol-formaldehyde resins. 
Nevertheless, this is used freely for almost 
every type of rigid plastic. 

For those materials having rubberlike 
properties, the tests which are usually 
applied are those which the British 
Standards Institution has evolved for 
testing rubber. A very comprehensive 
series of tests are laid down in B.S.S. 
903 / 1940. 

In regard to specifications for testing, it 
must be admitted we are far behind the 
United States. The American Society for 
Testing Materials already has a wide 
range of test methods defined specifically 
for plastics. 

In the tables which are given in the 
subsequent discussion, it must be remem- 
bered that figures merely give the limits 
which can be expected from the commer- 
cial range of materials. The compositions 
based on each plastic, can, with one or 
two exceptions, be subject to infinite varia- 
tions of resin content, plasticizer content, 
filler content, and so on. Therefore, 
unless a specific composition is selected in 
each instance, it is only possible to give 
properties within wide limits. 


The Flow Characteristics of Plastics 

The flow of plastics is clearly a matter 
of primary importance, more particularly 
for moulding activities. In this country 
the Cup Flow test is standardized for test- 
ing the behaviour of phenolic moulding 
powders. The conditions under which it 
is carried out are defined in B.S.S. 
771 / 1938. 
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Fig. 1.—Mould for cup flow test. Time of 
movement of flash A is noted. 





The Cup Flow Test 

A test cup is moulded in a mould of 
specified dimensions under fixed condi- 
tions. The time of flow is measured in 
seconds by means of a stop-watch and is 
taken as the time in seconds from the 
instant the hydraulic gauge shows pres- 
sure to the instant the flash ceases to 
move. A fully moulded cup or beaker is 
obtained with a base of varying thickness. 








1 - Orifice in Split Cone 
2- Charge Chamber 
3- Steam Heated Block 

4- Ram : 

5- Weights “ ; 
6- Flow Indicator and Recording 
Mechanism 
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The temperature of the mould is 
163 degrees C., and a pressure of 10 torts 
is applied to the mould. The weight of 
powder employed is sufficient to give a 
flash of between 2 to 3 grms. The powder 
at room temperature is placed in the 
mould and the mould is closed, which 
should take between 5 and 10 secs. 

The results are given as the number-of- 
seconds flow by the cup flow test. 
Commercial materials give results between 
4 and 30 secs. 

The cup flow test can be criticized on 
a number of grounds. Nevertheless, it 
is a test carried out under actual mould- 
ing conditions and, by and large, has 
been found very successful. 

The cup flow method has not proved 
to be satisfactory in the case of urea- 
formaldehyde moulding powders. The 
best method appears to be to press a 
definite quantity of the powder under 
specified temperature and pressure condi- 
tions without any confining mould. A 
disc is formed and the diameter of the 


Fig. 2.—Rossi-Peakes 
flow tester. 


ro“ 





ys 
2 aw) 








Ui 














2€0 PLASTICS 





disc gives a measure of the relative flow. 

According to Redfarn, the flow of the 
material is judged by measuring the 
thickness of the disc at a given distance 
from the centre. 


The Rossi-Peakes Method 


In the United States, the American 
Society for Testing Materials has adopted 
the Rossi-Peakes flow tester as the basis 
for their standard method. The Rossi- 
Peakes apparatus enables the determina- 
tion not only of the comparative plastic 
flow but also the time of cure. It is 
admirably suited both for thermosetting 
and thermoplastic material. 

A diagrammatic cross-section of this 
machine is shown in Fig. 2. The test 
pellet, preformed into a cylinder .375 in. 
in diameter by .33 in. high, is placed 
on the plunger (4) which carries 
it into cavity (2) and exerts a 
pressure on it depending upon. the 
weight (5) applied. The cavity is main- 
tained at a constant temperature by a 
steam jacket through which high-pressure 
steam is passed. When the plastic pellet 
softens, the pressure forces it to flow 
through the channel in a split cone. A 
pin is thereby forced up and the distance 
of its travel, i.e., the distance of plastic 
flow, is recorded on a graph paper which 
is wound over rolls by an automatic 
timing device. The rate of flow is thus 
automatically plotted. Plastic flow ceases 
when the plastic is cured, and this is 
recorded. 

In the case of thermoplastic materials 
a moulded or machine test piece 0.375 in. 
in diameter by 0.375 in. high is employed. 
In this case the distance through which 
the pin is pushed in a definite time, e.g., 
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Fig. 3 (above).—Test piece for tensile tests. 


Fig. 4 (right). — Typical semi-automatic 
tensile testing machine. 
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2 mins., is measured. Each material 
is tested at three or more temperatures at 
which the flow will be between 0.5 to 
1.5 in., with at least one measurement 
above and below 1 in. The flow is then 
plotted on semi-logarithmic paper usually 
giving a straight line. The temperature 
at which flow is exactly 1 in. is read off 
and is taken as the flow temperature. 


Tensile Tests on Plastics 


Tensile strength is the load per unit area 
required to break the material under test. 
Tensile tests on plastics really divide into 
two well-defined categories; the one 
applies to rigid plastics with compara- 
tively small elongations, while the other 
applies to soft extensible materials which 
may have high elongations comparable to 
that of rubber. In a sense, we come back 
to the division between soft rubber com- 
positions—ebonite. Tests for these have 
been the subject of much study. They 
are applied to plastics. Suitable methods 
are outlined in B.S.S. 903/1940 and 
B.S.S. 771/1938. 


Rigid Materials 
According to B.S.S. 771, a specimen of 
the plastic material, whether thermo- 
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setting or thermoplastic, is moulded to the 
shape and dimensions illustrated in 
Fig. 3. The test piece is held in special 
grips which prevent it from slipping, 
being mounted in_ standard tensile 
machines. The load is applied, and the 
load and elongation at break are noted. 
The ultimate tensile strength is calculated 
from the dimensions of the specimen. 


Extensible Materials 


The practice here corresponds very 
closely to that employed for rubber. 
Dumb-bell-shaped test pieces are more 
usually employed. Sheets of the material 
to be tested are prepared and dumb-bells 
are cut out by punching with a suitable 
die. A definite length, i.e., 1 in., is 
marked on the narrow centre portion. 
The stress, as it stretches, is recorded. 

B.S.S. 903 gives the desired conditions 
applying to rubber which are quite gener- 
ally used for extensible plastics. The 
thickness of test piece is usually less than 
3 mm. and is carefully checked by 
micrometer readings. 

Tensile machines most widely used 
types are the Scott, the Avery and 
the Schopper testing apparatuses. The 
dumb-bells are held in grips which exert 
a uniform pressure on the test piece. The 
jaws of the testing machine separate at a 
uniform rate, generally 18 ins. per 
minute. Modern tensile machines auto- 
matically record the loads and elonga- 
tions. It is customary to take the average 
of results on four test samples. The 
values obtained by extending the’ test 
samples are plotted and give character- 
istic, stress-strain curves. 

Elongation at break is a matter of some 
significance in rubberlike plastics, many 
of which have high elongation at break, 


equal to rubber compounds. Leading 
types include polyvinyl chloride, co- 
polymers, acrylic resins, polyvinyl 


butyral, and so on. Elongation is also a 
matter of profound practical significance 
for nitrocellulose plastics and polyamides. 

Perhaps more important still is the per- 
manent deformation obfained when 
plastics are subjected to slow stretching. 
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Rubber mixes have good recovery, show- 
ing very low permanent deformation. 

In the case of thermoplastics, however, 
the permanent elongation or deformation 
is generally quite considerable, depending 
on the duration of the preliminary 
stretching, a gradual flow of the stretched 
material being observed already at 
ordinary temperatures during the stretch- 
ing. In other words, there is pronounced 
deformation. If in practical use a material 
be subjected to prolonged mechanical 
stress, thermoplastics, as a rule, show the 
stronger tendency to alter in shape; they 
are inferior to rubber in this respect. 


Table 1.—Tensile Strength of Plastics. 

















Material Ib. /in.2 
Phenol-formaldehyde (no filler) . 6,000- 9,000 
Phenol-formaldehyde (wood flour filler) 4,000-11,000 
Phenol-formaldehyde (mineral filler) 4,000-10,000 
Phenol-formaldehyde (fabric filler) 6,500— 8,000 
Phenol-formaldehyde (paper laminated) 7,000-19,000 
Phenol-formaldehyde (fabric laminated) 7,000-16,000 
Phenol-formaldehyde (asbestos 

laminated) | 7,000-18,000 
Phenol-formaldehyde (cast) 5,000-12,000 
Phenol-formaldehyde (glass fabric 

—— 14,000-20,000 
Phenol-furfural (wood flour filler) 6,000--11,000 
Urea-formaldehyde wigan 9,000-12,000 
Melamine (filled) HM: 6,000-10,000 
Cellulose acetate (sheet) — 5,000-11,000 
Ilulose acetate ( Id 2,000-10,000 
Collulocs acetate coe" 3,500- 7,000 
Cellulose nitrate 5,000-10,000 
Ethyl cellulose, , 6,000— 9,000 
Polystyrene 5,000- 8,000 
Polythene 1,200— 1,700 
(15,000 drawn) 
Polyvinyl! chloride (plasticized) .. 1,000— 9,000 
Polyvinyl! chloride acetate (no filler) 8,000-10,000 
Polyvinyl! chloride acetate rne.. 6,000-12,000 
Polyvinyl! formal . . | 3,000-14,000 
Polyvinyl butyral . | 2,500- 8,000 
Polyvinyl alcohol . | 2,000- 5,000 
Polyvinylidene chloride . | 5,000-12,000 
(40,000 drawn) 
Methyl methacrylate (cast)... . | 7,000— 9,000 
Methyl eo (moulded) ; 4,000-11,000 
Nylon .. a “a . | 5,000— 9,000 
(60,000 drawn) 

Casein .. i 7,500 

Compressive Strength 

Compressive strength is — generally 


carried out on a cylinder of material. In 
B.S.S. 903 for ebonite, which is a proof 
test, the dimensions recommended are 
12 mm. diameter and 12 mm. long. Here 
the test piece is placed on a flat surface, 
an initial load of 100 kilogs. imposed, 
and the load gradually increased so as 
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to reach the maximum rapidly. In the 
case of ebonite the specification load must 
be reached in a minute and the test piece 
must withstand this load for a further 
minute without crushing. To find the 
absolute compressive strength, the loading 
is carried forward until the sample is 
crushed under the load. Similar tests 
may be carried out on every type of 
plastics material. 

In relation to laminated materials, 
B.S.S. 972 calls for a proof com- 
pression test on a l-in. cube of 
material. A bedding-down load of 300 lb. 
is applied perpendicularly to the lamina- 
tions, followed by a proof load of 
10,000 1b. The deflexion consequent on 
the application of this proof load is not 
to exceed 0.04 in. 

When tests on cubes are carried to 
destruction, failure usually takes the form 
of shearing on planes inclined at 
45 degrees to the laminations. 


Impact Resistance of Plastics 


The impact resistance or toughness of 
plastics material is a matter of great 
importance. It may be defined as the 


Table 2.—Compressive Strength of Plastics. 








Material Ib. /sq. in. 
Phenol-formaldehyde (no filler) . _ 
Phenol-formaldehyde (wood flour filler). | 16,000-36,000 
Phenol-formaldehyde (mineral filler) .. | 18,000-36, 


Phenol-formaldehyde (fabric filler) ‘ 
Phenol-formaldehyde (paper laminated) | 20,000-40,000 


Phenol-formaldehyde (fabriclaminated).. | 20,000-44,000 
Phenol-formaldehyde (asbestos 

laminated) | 18,000-45,000 
Phenol-formaldehyde (cast) 15,000-30,000 
Phenol-formaldehyde (glass fabric 

laminated) | 40,000-50,000 
Phenol-furfural (wood flour filler) 28,000-36,000 
Urea-formaldehyde cannes 24,000-35,000 


Melamine (filled) .. oa ie 4,000-16,000 
Cellulose acetate (sheet) . 
Cellulose acetate (moulded) P 
Cellulose acetate butyrate Ms .. | 20,000-30, 
Cellulose nitrate 

Ethyl cellulose 6, 500-1 18,000 
Polystyrene 

Polythene me 
Polyvinyl chloride (plasticized) : 10,000-1 2,000 
Polyvinyl chloride acetate (no filler) .. -- 
Polyvinyl! chloride acetate (filled) i ae 
Polyvinyl formal  ,. ~ ‘ie ‘ —_ 
Polyvinyl butyral .. Re sis ~ - 
Polyvinyl alcohol .. — 
Polyvinylidene chloride 9,000-10,000 
Methyl! methacrylate (cast) _ 
Methyl a (moulded) :- 10,000-15,000 
Nylon ,. is a Es . —_ 
Casein . - = és oe ee = 
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Table 3.—Modulus or Elasticity of Plastics. 











Modulus of 
Material elasticity (Ib./ 
sq. in. x 105) 
Phenol-formaldehyde (no filler) . 7.0-10.0 
Phenol-formaldehyde (wood flour filler) 10.0-10.0 
Phenol-formaldehyde (mineral filler) 10.0-15.0 
Phenol-formaldehyde (scrap fabric filler) 7.0-12.0 
Phenol-formaldehyde (paper laminated) 4.0-20.0 
Phenol-formaldehyde (fabric laminated) 3.5-15.0 
Phenol-formaldehyde (asbestos 
laminated) 3.5-15.0 
henol-formaldehyde (cast) 5.0-15.0 
henol-formaldehyde (glass fabric 
laminated) 10.0-20.0 
Phenol-furfural (wood flour filler) 10.0-25.0 
Urea-formaldehyde een 4.6- 5.1 
Melamine (filled) 12.0-15.0 
Cellulose acetate (sheet) . 1.0- 1.3 
Cellulose acetate ( 1.0- 4.0 
Cellulose acetate butyrate 2.0- 3.5 
Cellulose nitrate 5 2.0- 4.0 
Ethyl cellulose 2.0— 4.0 
Polystyrene .. 12.0-15.0 
Polythene. _— 
Polyvinyl chloride (plasticized) ; 5.0 
Polyvinyl chloride acetate (no filler) 3.5- 4.0 
Polyvinyl chloride acetate a 3.5- 8.5 
Polyvinyl formal cn _ 
Polyvinyl butyral .. . .. -- 
Polyvinyl alcohol .. _ 
Polyvinylidene chloride 0.8- 1.7 
Methyl methacrylate (cast) 4.0- 6.0 
Methyl ee (moulded). 6.0 
Nylon. . ‘. 45 
Casein. 5.1- 5.7 








energy of the blow required to fracture 
a bar-shaped test piece of given dimen- 
sions held as a cantilever and struck at 
the free end. The behaviour of materials 
when subjected to sudden blows or shocks 
is clearly a primary characteristic. Service 
failure of material often occurs by sudden 
impact. 

A great deal of work has _ been 
done to study the behaviour of materials 
under such circumstances. 

Two methods predominate for deter- 
mining the impact strength of materials; 
they are the Izod method and the Charpy 
method. The first method is widely used 
in this country, while the Charpy method 
appears to be favoured in the United 
States. Both are based on pendulum 
machines, that is to say, a standard speci- 
men of material is broken by a single 
blow of a heavy, calibrated pendulum. 
The energy “absorbed in breaking the 
material is calculated from the difference 
between the initial position of the pendu- 
lum and the height which it reaches after 
breaking the specimen. 
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The Izod Test 
The Izod test is carried out on a canti- 
lever basis. A specially prepared “rod of 
the material is supported at one end 


ire 

wot Fig. 5.—Typical impact testing machine 

at using thelzod method. There is a gripping 

als device for the test-piece and the pendulum 

cks has a convenient release. The indicator 

hee gives direct readings in foot-pounds. 

den vertically in the plane in which the pen- 
dulum is moving. The test bar may be 

een 


set plain or notched. Conditions for this test 
bai are described in B.S.S. 903. 
For the Izod test, a moulded bar 
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thick has a V-shaped notch cut in, 
1.25 ins. along the bar, to a depth of 
0.1 in. It is clamped at the notch and 
then struck by the pendulum falling from 
a height of 1 ft. 


The Charpy Test 

In this instance the rod of material, 
notched or plain, is supported at both 
ends. It is struck in the middle by the 
swinging falling pendulum. 

In both these methods it is not easy 
to obtain very accurate results. How- 
ever, among groups of materials the 
results show a different order of behaviour 
which gives ample information regarding 
the relative impact strength. 


Table 4.—Impact Strength of Plastics. 





Impact strength 
Material (ft. /Ib. to break) 
4” x 4” bar 





Phenol-formaldehyde (no filler) . 
Phenol-formaldehyde (wood flour filler) 
Phenol-formaldehyde (mineral filler) .. 
Phenol-formaldehyde (scrap fabric filler) 
Phenol-formaldehyde (paper laminated) 
Phenol-formaldehyde (fabric laminated) 
Phenol-formaldehyde (asbestos 
laminated) 
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Fig. 7.—Arrangement for Charpy test. 
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Impact strength, together with tensile 
strength, is generally taken as an indica- 
tion of the toughness of materials. These 
properties are really inadequate to define 
toughness. It is a property which also 
depends to some extent on the ability 
of the material to elongate and flex with- 
out permanent deformation. But other 
factors are also involved and the problem 
of a test method has not been solved. 
Thus cellulose plastics are outstanding in 
their toughness and ability to withstand 
abuse, and in this case is reflected in their 
impact strengths. Practically there are no 
figures for expressing toughness; compari- 
sons between the different materials will 
have to depend on practical experience 
based on use. Polyvinyl copolymer 
plastics probably come nearest to the 
cellulose plastics in toughness. 


Flexural Strength of Plastics 


The flexural strength of plastic 
materials is a matter of ever-growing 
importance. It gives an indication of the 
elastic characteristics. It acquires even 
greater significance as plastics begin to 
enter the field of — structure-bearing 
materials. One of the methods employed 
for determining the flexural strength is 
that developed by the A.S.T.M. Standard 
D. 48-33. A standard bar 5 ins. long 
by } in. by 4 in. is moulded and placed 
on supports 4 ins. apart. A load is 
applied halfway between the supports. 
The bar will bend as the load is increased, 
and the distance through which the bar 
bends before it breaks is called the deflec- 
tion. The load required to break the 
bar is expressed as 
the flexural 
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example, the binding material, as in the 
case of phenol-formaldehyde resin, fillers, 
and so’ on. 


Table 5.—Flexural Strength of Plastics. 





Flexural 
strength 
Ib. /sq. in. 


Material 





Phenol-formaldehyde (no filler) .. ss 
Phenol-formaldehyde (wood flour filler) 
Phenol-formaldehyde (mineral filler). 
Phenol-formaldehyde (scrap fabric filler) 
Phenol-formaldehyde (paper laminated) 
Phenol-formaldehyde (fabric laminated) 
Phenol-formaldehyde (asbestos laminated) 
Phenol-formaldehyde (cast) - ‘ 
Phenol-formaldehyde (glass fabric 
laminated 
Phenol-furfural (wood flour filler) 
Urea-formaldehyde (moulded) 
Melamine (filled) ,, a 
Cellulose acetate (sheet) .. 

Cellulose acetate ( rh 
Cellulose acetate butyrate .. 
Cellulose nitrate 

Ethyl cellulose 

Polystyrene 

Polythene i WS ot 
Polyvinyl chloride (plasticized) .. 
Polyvinyl! chloride acetate (no filler) 
Polyvinyl! chloride acetate (filled)... 
Polyvinyl! formal ee as 
Polyvinyl butyral 

Polyvinyl alcohol .. 
Polyvinylidene chloride 
Methyl methacrylate (cast). . 
Methyl methacrylate (mould 
Nylon .. <<, lien P 
Casein . 
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Volume Resistivity and Surface 
Resistivity 

Surface resistivity is the electrical 
resistance on the surface of a material 
between the opposite sides of a 1 cm. 
square. It therefore indicates the amount 
of current which is enabled to pass over 
the surface of a material or the leakage. 
According to B.S. 771 applying to 
phenolic moulding materials and_ to 


GALVANOMETER 





A number of 
factors have a pro- 
nounced influence 
on flexural char- 
acteristics; for 








"MERCURY SPECIMEN 





WWW ASS 


Fig. 8.—Electrical con- 
nections for volume 
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B.S. 903 which applies to rubber com- 
pounds, a moulded disc between 4 ins. 
and 5 ins. diameter is first conditioned 
by immersion in water for 24 ‘hrs. at an 
ordinary temperature. It is then dried 
between blotting paper and tested. 

The specimen is placed in a trough. 
A copper ring or tube with knife edges 
is superimposed on the test specimen. 
Within this ring or tube a layer of mer- 
cury is poured. A space of 1 cm. wide 
is left outside this ring and then two more 
tubes with sharp edges are set up 4 cm. 
apart, and a layer of mercury is poured 
into this ring. In this manner there is 
an outer ring of mercury in contact with 
the specimen, a clear area of specimen, 
and a disc of mercury in contact with the 
specimen. The inner mercury is con- 
nected with the positive end of the d.c. 
current line. The outer ring of mercury 
is connected to the galvanometer and the 
negative end of the line. The sample is 
subjected to electrification of 500 volts for 
1 min. The resistance of the circuit is 
measured. The surface resistivity is then 
calculated from the formula. 


— 2nR 


D 
loge > 


where— 


S=Surface resistivity (in megohms) 
R=Surface resistance (in megohms) 
D=Internal diameter of exterior 
tube (cm.) 
d=Internal ‘diameter., of . interior 
tube (cm.) 
While surface resistivity or leakage is 
sometimes of great importance, the more 
usual determination is the volume 
resistivity which is carried out with a 
similar set-up of apparatus as described 
for surface resistivity. The only differ- 
ence is in the connections of the circuit, 
which are not the same. The volume 
resistance of the test piece is measured 
at a potential difference of 500 volts d.c., 
after 1, 2, or 10 mins. electrification. The 
volume resistivity is then calculated from 
the following formula:— 


md? R 
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where— 
V=Volume resistivity (megohm. cm.) 
R=Volume resistance (megohms) 
d=Internal diameter of interior tube 
in cms. 
T=Thickness of test piece in cms. 


Table 6.—Volume Resistivity of Plastics. 





Volume resistivity 


Material (ohms-cm.3) 





Phenol-formaldehyde (no filler) .. | 1.0x 1012-5.0x 1012 
Phenol-formaldehyde (wood flour 
filler) 1010-1012 
Phenol-formaldehyde (mineral 
filler) 109-1011 
Phenol-formaldehyde (scrap fabric ; 
filler) 109-1011 
Phenol-formaldehyde (paper 
laminated) 
Phenol-formaldehyde (fabric 
laminated) 
Phenol-formaldehyde (asbestos 
laminated) 
Phenol-formaldehyde (cast) é 
Phenol-formaldehyde (glass fabric 
laminated) 
Phenol-furfural (wood flour filler) 
Urea-formaldehyde (moulded) 
Melamine (filled) J ae 
Cellulose acetate (sheet) .. 
Cellulose acetate (moulded) 1010-1012 
Cellulose acetate butyrate, . 1012 
Cellulose nitrate 2.0 x 1010-30.0 x 1010 
Ethyl cellulose if a 1015 
RO vc? ve. a 4. we 1017 
Polythene és ‘“ ae os 1017 
Polyvinyl chloride (plasticized) .. Up to 1014 
Polyvinyl! chloride acetate (no filler) 1014 
Polyvinyl chloride acetate (filled) Up to 1014 
Polyvinyl! formal “fi a 1015 
Polyvinyl butyral .. ba oe = 
Polyvinyl! alcohol en en — 
Polyvinylidene chloride .,. a 1015 
Methyl! methacrylate (cast) 4 1015 
Methyl methacrylate (moulded) .. 1015 
i all a eae 1013 
Casein .. a oa oy ea - 


1010-1013 
1010-1012 


109-4014 
1010-1012 

2.0x 1013-2.8 x 1018 
5x 1011 

5.0.x 1012-30.0x 1012 








Water Absorption 


The amount of water absorbed by a 
plastic may be of significance in a number 
of uses. It particularly affects the 
electrical characteristics, it may com- 
pletely spoil transparency, it may 
influence adhesion, and so on. 

The procedure adopted to determine 
water absorption varies. In some cases 
water absorption is determined after 
direct immersion in water at a consider- 
able temperature, the sample being 
weighed before and after immersion. For 
comparative tests the size of the samples 
would be identical. In some instances 
the water absorption at a definite degree 
of humidity is preferred. 
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In the case of plasticized materials, the 
direct values obtained in this manner are 
not accurate since there is a tendency for 
plasticizer to be leached out. This 
applies particularly to cellulose acetate 
plastics, etc. 

B.S.S. 771 describes a test for moulded 
materials. A disc 50-mm. diameter by 
12-mm. thick is dried at 50 degrees C. for 
one hour and weighed. It is then 
immersed for 165-170 hours in water at 
20 degrees C. The surfaces are then 
dried with blotting paper and the sample 


re-weighed. The water absorption may 
be expressed in milligrams or as a 
percentage. 


Table 7.—Water Absorption of Plastics 
(24 hours immersion). 











Water 
Material Absorption 
% 

Phenol-formaldehyde (no filler) , -10- .20 
Phenol-formaldehyde (wood flour filler) .20— .60 
Phenol-formaldehyde (mineral filler) .01-.30 
Phenol-formaldehyde (scrap fabric filler) 1.00-1.30 
Phenol-formaldehyde (paper laminated) -30-9.00 
Phenol-formaldehyde (fabric laminated) 30-9.00 
Phenol-formaldehyde (asbestos 

laminated) .30-2.00 
Phenol-formaldehyde (cast) : .01- .50 
Phenol-formaldehyde (glass fabric 

laminated) 0.3 -0.5 
Phenol-furfural (wood flour filler) -20- .60 
Urea-formaldehyde meee 1.00-2.00 
Melamine (filled) -15- 3 
Cellulose acetate (sheet) . 1.5 -3.0 
Cellulose acetate (moulded) 1.4 -2.8 
Cellulose acetate butyrate .80-1.10 
Cellulose nitrate 1.00-3.00 
Ethyl cellulose 1.25 
Polystyrene .. Nil 
Polythene ‘ oe Nil 
Polyvinyl chloride (plasticized) | - age _ 
Polyvinyl chloride acetate (no filler) 
Polyvinyl chloride acetate — 20-4.00 
Polyvinylformal .. A ae 1.3 
Polyvinyl butyral 3.5 -4.5 
Polyvinyl alcohol " _ 
Polyvinylidene chloride |: Nil 
Methyl methacrylate (cast) ne -40 
Methyl methacrylate ( Ided) .40- .5 
Nylon , ss Up to 7.6 
Casein ,. 7.0 -9.0 








Electrical Breakdown Strength 


Electrical breakdown strength or dielec- 
tric strength is the electric stress 
required to produce a disruptive charge 
through the material. It will vary with 
the thickness of the test piece, e.g., 
dielectric strengths of films will be greater 
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per unit of thickness than in the case of 
thicker sections. 

According to British Standards Specifi- 
cation (B.S.S. 903) this is carried out on 


a 4-in. disc 0.125-in. thick. The test 
pieces are subjected to 48 hours condi- 
tioning in an atmosphere of 75 per cent. 
relative humidity at 22 degrees C. 

The test piece is placed between two 
cylindrical brass electrodes, the faces 
being in contact with the test piece. The 
upper electrode is pressed down on to the 
test piece by means of a 5-lb. weight. 
Alternating current is applied at the 
desired frequency. The r.m.s. value of 
the voltage is measured by means of a 
suitable voltmeter. The voltage is raised 
from zero to breakdown as rapidly as can 
be measured. 


Table 8.—Breakdown Voltage at 50 
Cycles for Plastics. 








ee ‘ 
. voltage ong 
Material volts/mil.- Term 
instantaneous 
Phenol-formaldehyde (no filler) 400— 500 sie 
Phenol-formaldehyde (wood : 
flour filler) | 300—- 500: | 200-400 
Phenol-formaldehyde = 
filler) | 250- 400 | 200-400 
eaten (scrap 
fabric filler) | 150- 450 | 100-350 
Phenol-formaldehyde (paper 
laminated) | 400-1,200 | 250-600 
Phenol-formaldehyde (fabric 
laminated) | 250- 450 | 100-350 
Phenol-formaldehyde (asbestos 
laminated) 60—- 150 50-125 
Phenol-formaldehyde (cast) 300- 450 250-350 
Phenol-formaldehyde (glass 
fabric laminated) | 450- 650 - 
Phenol-furfural (wood flour 
filler) 400- 600 - 
Urea-formaldehyde (moulded) 650— 720 _ 
Melamine (filled) .. 400 350 
Cellulose acetate (sheet) 600-1,000 _ 
Cellulose acetate (moulded) 300- 600 | 200-300 
Cellulose acetate butyrate 250— 400 _- 
Cellulose nitrate .. .. | 600-1,200 _ 
Ethyl cellulose ., > on 1,500 _— 
Polystyrene ss .. | 500- 700 | 450-600 
Polythene . - - 
Polyvinyl chloride (plasticized) | 600-2,000 - 
Polyvinyl chloride acetate pone 
filler) 600 _ 
Polyvinyl chloride acetate eee 650 _ 
Polyvinyl formal .. _ ~ 
Polyvinyl butyral .. sé a _— _ 
Polyvinyl alcohol . r oa _ 
Polyvinylidene chloride | 500-2,000 -_ 
Methyl methacrylate (cast) ie 500 _ 
— eaoadatieed —_— 500 - 
ylon — _ 
Casein 400-700 - 











(To be continued) 
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Plastics in Post-war Building 


In 1941 the Minister of Works invited the 
British Plastics Federation to convene a 
Study Committee to advise on the applica- 
tion of plastics to building problems. This 
Committee, under the Chairmanship of 
Mr. H. V. Potter, set up sub-committees to 
collate information on seven groups: 
Moulded Plastics; Laminated Plastics ; 
Transparent and Opaque Sheeting other 
than Laminated Sheet ; Resinous Materials, 
Cements and Adhesives ; Extruded Plastics ; 
Resin Bonded Sheet, Composite Boards, etc. ; 
Miscellaneous, including Expanded Plastics. 
The Report of the Committee has now been 
published for the Ministry of Works.* 


ART I which deals with the materials 

employed, processes of manufacture 
and general properties, need not be con- 
sidered here, since they are so well known 
to our readers. 

Part II.—Application of plastics to 
building. 

In discussing the application of plastics 
to building uses the following are con- 
sidered :— 

(1) Applications to the building struc- 

ture:— 
Load-bearing members. 
Linings or coverings for walls, 
ceilings and floors. 
Structural components. 

(2) Fittings. 

(3) Tubes and pipes. 

(4) Applied finishes—paints, varnishes 

and lacquers. 

(5) Miscellaneous uses. 

(6) Manipulation and fixing. 

(7) Long-term uses. 


Load-bearing Qualities 
The conclusion is reached that moulded 
and laminated plastics, as at present 
available, are unsuitable for use as tensile 
structural materials. With resin-bonded 
plywood and laminated wood, however, 
the circumstances are different. These 





* Post-war Building Studies, No. 3. Plastics. H.M. 
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retain the characteristics of wood, one of 
which is its pseudo-ductility, resulting 
from its tough, fibrous structure, which 
prevents undue concentration of stress 
and causes an over-loaded wooden beam 
to give due warning before collapse 
occurs. Manufacture of plywood and 
laminated wood is an economical method 
of using timber. The products can be 
shaped in the course of manufacture into 
units designed for structural use, and can 
be glued together in situ with synthetic 
glues that are unaffected by moisture and 
fungi. There have been tremendous 
advances in the use of plywood and 
laminated wood and of glued construction 
in aircraft, and there is already some 
experience in their application to build- 
ings, particularly in the United States. 

For much the same reasons as those 
described, plastics other than _ resin- 
bonded plywood have not yet been used 
in aircraft construction for any but 
unstressed or lightly stressed parts, and 
certainly not yet for the structural frame- 
work. The advent of new materials or 
processes may in time change the outlook 
for plastics.as structural materials. Mean- 
while, the building industry might well 
be guided by past experience, and such 
future developments as may take place in 
the use of plastics for aircraft, where their 
lightness offers greater inducement and 
where cost is a less onerous restriction 
than it is in building. 

Before leaving this aspect of the sub- 
ject, reference should be made to the 
density and strength-weight ratio of 
plastics. The comparatively low density 
of plastics is sometimes spoken of as if 
a very considerable saving in weight 
would result from using plastics in place 
of steel. But it is not the density alone, 
but the strength-weight ratio that deter- 
mines the saving in weight, and this ratio 
is not very different for steel and plastics. 
In other words, the dimensions of a struc- 
tural member have to be increased so 
much to compensate for the lower 
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strength of plastics that much of the 
advantage accruing from their lower 
density is lost. But where flexural rigidity 
is the more important consideration, a 
material of low density has an advan- 
tage, because sections can be made 
thicker for the same weight, and the 
flexural rigidity increases in greater pro- 
portion. As flexural rigidity is the facto 
that determines the resistance to buckling 
of struts, compression flanges of beams 
and shear members, the material having 
E E 
the highest value of — or — depending 
p p3 

on the precise conditions (E being the 
modulus of elasticity and p the density), 
will be the best in this respect. In such 
applications reinforced plastics offer con- 
siderable promise. 

The use of plastics as linings or cover- 
ings for walls, ceilings and floors is, of 
course not new. Structural components 
such as window frames, doors and door 
frames, skirtings and staircases, have, 
however, only been formed of plastics 
experimentally. Further experiments will 
be needed to judge of their practicability. 

As for fittings in the house, plastics 
offer a very wide scope, particularly in 
equipment for such services as electrical, 
plumbing, heating and lighting, and for 
such articles as door and window furni- 
ture, floor clips, draining boards, etc. 
The use of resin-bonded or resin-faced 
plywood, laminated plastics and hard- 
board as removable linings to concrete 
shuttering is also considered favourably. 


Weathering Qualities 

Laminated plastics have been used to 
a limited extent out of doors as external 
wall coverings, principally in commercial 
buildings. These and resin-bonded sheets 
made by the pre-mixing process tend to 
lose their gloss comparatively quickly out 
of doors and to become shabby. Some 
are affected more quickly than others. 
They are not at present eminently suit- 
able for outdoor use in domestic buildings 
where cost of maintenance is of major 
importance. Developments aiming to 
improve their durability are to be 
expected. Production of suitable paints, 
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accompanied by education of the public 
in their use, would permit restoration of 
the weathered surfaces, but there is at 
present little information available on the 
use of paint on plastics. 

Unpainted resin-bonded plywood is 
known to have weathered for periods up 
to five years without showing the least 
sign of deterioration. It is unlikely that 
older examples will be found for examina- 
tion. Satisfactory behaviour over longer 
periods is to be expected but, for per- 
manent buildings, painting, varnishing, 
oiling or periodical treatment with a wood 
preservative is desirable. 

Part III deals with design and stan- 
dardization, the need for codes of prac- 
tice, and some measure of standardiza- 
tion of sizes of sheets, rods and tubes for 
building purposes. At present, from the 
building point of view, sheet plastics are 
made in an unnecessarily diverse range 
of sizes. 

Finally, Part IV gives the Committee’s 
conclusions regarding raw materials, suit- 
ability of plastics, possibility of large 
mouldings, etc., and includes a note on 
the capacity of the industry. The volume 
of production of plastics has been much 
increased to meet demands for war 
materials. Nevertheless, the total volume 
is small when compared with the produc- 
tion of bricks, steel~and cement. Hence 
there can be no prospect of supplying 
plastics in very large quantities to com- 
pete with the products of these basic 
industries. 


Recommendations 

(1) Collaboration Between Building 
and Plastics Industries.—The plastics 
industry should be encouraged to cater 
for the néeds of the building industry. 
Not only in the early stages of the 
development of plastics for building but 
in all subsequent stages there should be 
continuous collaboration between the 
building industry and the plastics indus- 
try to ensure that the building uses of 
plastics are suitably chosen and that the 
products conform to satisfactory stan- 
dards of performance. 

(2) Training.—The study of plastics 
materials and the methods: of working 
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them should be included in courses of 
instruction on building subjects in techni- 
cal institutions where they do not already 
form part of the syllabus, so that those 
engaged in the building industry have 
opportunity to learn more about plastics 
and acquire skill in their manipulation. 
(3) Research. The following matters 
might be considered as_ subjects for 
research and investigation:— 
(a) Use of resin-bonded laminated wood 
as a structural material. 
(b) Development in the manufacture 
and utilization of sheet plastics: 
i. Production of composite boards. 
ii. Improvement in durability, 
including practical trials. 
iii. Methods of moulding edges of 
sheets to eliminate the need 
for cover strips. 
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(c) Trials of plastics tubing as piping 
for domestic use. 

(d) Manufacture of relatively large 

building components such as stair- 

cases and window frames. 


(4) Standardization.—The needs of the 
building, transport and electrical indus- 
tries should, if possible, be co-ordinated 
with a view to the eventual standardiza- 
tion of sizes of sheet materials. Stan- 
dardization must necessarily be a gradual 
process, taking effect as existing 
machinery and equipment needs to be 
replaced. , 


(5) Collaborative steps should be taken 
by the building and plastics industries to 
establish a range of British standards 
relating to the use of plastics materials in 
building. 








Lining Tanks with Vinidur 


Sirot, in a recent issue of Kunstoffe 
(Vol. 33, No. 2, Feb., 1948, pp. 33/39), 
gives details regarding this process. 

Vinidur foils made of Igelit PCU are 
available in strips 70 cm. wide and up to 
20 m. long. For anti-corrosion lining of 
tanks a film thickness between .7 and 1 mm. 
is recommended, since it is difficult to manu- 
facture thicker films free from wrinkles, 
whilst if the thickness is reduced below 
4 mm, the mechanical strength of the film 
is insufficient to ensure safe handling. The 
major part of the article deals with the 
lining of metal containers. For best results, 
such tanks should be of welded construction 
and 4-8 mm. thick, and the foundations 
must be such that the tank cannot distort 
appreciably when in use. The internal 
surface must first be thoroughly cleaned and 
then artificially roughened by sand-blasting 
or in the case of light alloys, a chemical 
treatment can be adopted for this purpose 
(ZnO and NaOH). The surface is then 
covered with three layers of PC 10 solution 
(total consumption about 1.5 kg./m.?) with 
drying periods of 1-2 hours before the second 
and third coats are applied. The last coat- 
ing has to stand about 15 hours before being 
subjected to a temperature of 130 degrees- 
140 degrees C. This causes the solvent 
(methyl chloride?) to evaporate and 
plasticizes the synthetic resins contained in 
tke solution. The heat is supplied from the 


outside of the tank by means of a torch. 
The foil, which has been previously covered 
with one layer of PCA.20 solution and dried 
for 15 hours, is then applied in sections of 
.5 to 1 m.2, depending on the amount of 
surface of the tank. 

The foil is pressed on evenly by hand. The 
joints between the strips can either overlap 
(in which case a cover strip is cemented 
on subsequently) or are _ butt-welded 
in place. The process can also be applied 
to steel tubes by inserting a tubular liner 
made of the film and applying internal air 
pressure (about .3 atmosphere). In the case 
of wood or concrete tanks, heat cannot be 
utilized to plasticize the cement and a special 
compound PC 13 AM which acts at room 
temperature is used. Three layers of this 
compound are brushed on the internal 
surface as before, but in this case the foil 
previously treated with PCA.20 has to be 
applied soon after the third coating of the 
cement. Overlap joints of the foil are 
preferable in this case. 

Mechanical cleaning is simple. The coat- 
ing will stand walking on, which is 
important when inspecting large containers. 
Storage tanks, water cleaning and chemical 
reaction vesseis have been successfully pro- 
vided with liners of this type. Other fields 
of application are in the tanning, brewing 
and milk industries. The lining has ,also 
proved very satisfactory for electrolytic 
baths. 

















Samm 
GENERAL ENGINEERING 


Preservation of 
strategic materials 
forms basis of many 
discussions in current 
American periodicals. 
In ‘‘Machine De- 
sign,’ 1943/15/116, 
Trimbach, of the 
Curtiss Wright Cor- 
poration, shows how metal parts in aero- 
planes could be replaced successfully by 
plastic parts, thus helping to save alu- 
minium. Examples given were crank- 
case, aileron, special wheel with drum 
attached, ammunition-box roller. In the 
same journal, page 126, Delmonte dis- 
tinguishes between tube materials of the 
rigid type, such as laminated phenolics, 
bitumen, asphalt, paper, cellulose acetate, 
cellulose acetate butyrate and polymethy]l- 
methyacrylate, and those of the semi- 
rigid type, such as_ polyvinylidene 
chloride, polyvinyl chloride and _ poly- 
ethylene sulphide. He discusses the special 
applications of these materials with respect 
to their specific properties. In particular, 
the acid resistance of the materials 
is presented in diagrammatic form. 
Phenolic moulding materials with various 
fillers have been investigated by Welch 
(‘‘ Product Engineering,’ Vol. 15, 1944, 
p. 215). It was shown that Poisson’s 
ratio usually lies between 0.29 and 0.35, 
the shear modulus of elasticity being 
approximately 0.385 of Young’s modulus. 
The phenolics tested included those with 
woodflour filler, asbestos, cotton linters, 
cotton thread and kraft paper. The 
highest modulus of elasticity was given 
by the asbestos-filled material at 1.76 x 
10° Jb./sq. in. Long-fibre cotton fillers 
giving 0.6 x 108 lb./sq. in., a figure also 
given by the woodflour-filled and kraft- 
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paper-loaded material. Housing and grip 
of an electric hand drill are moulded in 
cellulose acetate. Operator is saved from 
fatigue by reduction in weight, and the 
structure has a high impact strength and 
resistance to chipping. (“‘ Product 
Engineering,’’ February, 1944, p. 86.) 
Shock resistant moulded plastics with 
macerated fabric, cotton cord, sisal fibre 
and wood pulp fillers form the subject of 
a review by Donohue and Whitlock, pre- 
sented in ‘‘ Product Engineering,’’ Vol. 
15, 1944, p. 178 (March). Both phenolic 
and melamine resins are discussed and 
physical and mechanical properties are 
detailed. Diagrams are presented show- 
ing the effect of heat on the properties of 
the materials and typical applications are 
listed. Swivel-joint housing in plastic, 
the external surfaces of which have been 
electro-plated by the Metaplast process 
for the purpose of electro-static shielding 
are referred to in ‘‘ Machine Design,”’ 
Vol. 16, 1944, p. 144. The plastic body 
enables considerable weight saving to be 
achieved, and much time is saved - by 
elimination of the machining necessary in 
the case of metal. Combination of glass 
fabric and chemically resistant synthetic 
resin marketed under the name of 
““ Corresite ’’ is claimed to possess high 
resistance to corrosion and unusually well 
marked mechanical properties. It may be 
machined like metal and is supplied espe- 
cially in the form of tubing. Threading 
of slotted studs sometimes entails diffi- 
culties which, according to the ‘ Tool 
Engineer,’ Vol. 13, 1944, p. 80, may be 
overcome by placing in the slots, after 
milling, scrap Micarta strip about 4 in. 
thick, the stud then being milled to size 
by a hollow mill. In this way, distortion 
of the slot is eliminated and no burring 
occurs at the edges. Core sand is saved 
by use of resin extracted from Southern 
pine, according to ‘‘ Scientific Ameri- 
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can,’’ Vol. 170, 1944, p. 173 (April). The 
foundry of the Hercules Powder Co. was 
able to reduce its new sand requirements 
from 2,500 tons per month to 600 tons 
per month. The resin core binder has 
shortened production time because it 
bakes faster than other binders and it has 
been found especially effective with sands 
containing much clay. Marketed under 
the trade name of ‘‘ Truline,’’ the binder 
combines unusual dimensional accuracy 
in the cores. Difficulty experienced in 
removing tightly glued masking paper 
which covers sheets and form shapes in 
transparent plastic parts as delivered is 
attributed to ‘‘ welding ’* which occurs 
under the effects of long-continued moder- 
ate pressure and slight heating. Accord- 
ing to ‘‘ Scientific American,’’ Vol. 170, 
1944, p. 186, a new solution, ‘‘ Turco 
Plastic Clean,’’ may satisfactorily be used 
on Plexiglass, Lucite, Plastacele, Cellu- 
lose Acetate and Pyralin, the work being 
dipped into the solution until the 
gummed paper loosens and may be peeled 
off. New sound recorder produces a 
sound track by indentation into a regener- 
ated cellulose band by means of a 
sapphire needle. The regenerated cellu- 
lose band is about twice the thickness of 
the material commonly used for packing. 
The needles employed show indefinite 
life, and as the track is produced by 
indentation and not by cutting, no shav- 
ings are formed. Eight hours’ playing 
time are possible with a 320 ft. endless 
loop of the plastic 1 in. wide. For voice 
reproduction a speed of 40 ft./min. is 
adequate. Comparison ‘of moulding 
properties and moulding equipment (with 
some operating details) for plastics and 
rubber is presented in the ‘“‘ India 
Rubber Journal,’’ May 20, 1944, p. 569. 
Plastic bonding of metal printing plates 
in place of the usual soldering and weld- 
ing techniques has been investigated by 
the National Bureau of Standards. The 
extended industrial use of plastics suitable 
for metal bonding has been held up by 
the war. According to the investigations 
referred to, the new bonding technique 
offers great promise for use with plates for 
printing postage stamps, bank notes, etc. 
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AIRCRAFT 


Battery housing for 
a 110,000 candle- 
power signal search- 
light is made of trans- 


parent cellulose 
nitrate and weighs 
12} lb., this being 











considerably lower 

. than the _ standard 

hard rubber housing. Special navigating 
instrument for life-raft use is constructed 
in polymethylmethacrylate and eliminates 
the need for almanac, sextant and com- 
pass. The assembly combines a miniature 
reproduction of the stellar system with 
names and precise locations of 22 stars 
of value for navigating purposes; the 
globe and all co-ordinates are also 
embodied, the whole weighing only 1 Ib. 
—a figure impossible with metal. A new 
methylmethacrylate resin moulding 
powder that will withstand much higher 
temperatures than former thermoplastic 
powders has been developed by Du Pont. 
The articles moulded from the new 
powder will not soften appreciably, or 
become distorted, when exposed to a 
temperature of 212 degrees F., which is 30 
to 40 degrees higher than the softening 
temperature of former powders based on 
this resin. Problems affecting use of wood 
in aircraft are discussed by Johnson in 
‘*Mechanical Engineering,’’ 1943/65/661. 
To stimulate the applications of wood in 
this direction, the following measures are 
proposed: The segregation of woods into 
more restricted specific gravity groups; 
reduction in tolerances on the individual 
veneers, and the assembled plywood; con- 
trol of moisture content of wood through 
all stages of manufacture. It is recom- 
mended that basic data on strength -of 
timbers should be carefully analysed, and 
more complete compilations established. 
Formation of the National Society of 
Plastic Tooling by five major American 
aircraft concerns is announced in ‘‘ Auto- 
motive and Aviation Industries,’’ Vol. 90, 
1944, p. 47 (March 1). The first meeting 
was held early in March, 1944, in New 















York, Anderson of the Curtiss-Wright 
Corp. being elected president. Partici- 
pating in the association are Curtiss- 
Wright, Bell Aircraft Consolidated, 
Vultee Aircraft Co., Grumman Aircraft 
Engineering Co. and the Glenn Martin Co. 
Plastic tooling has aided volume produc- 
tion by war plants and has immense post- 
war possibilities. Shaping of vinylite 
names-plates to confonm to the contour 
of a 3}-in. diameter pipe has been solved, 
according to ‘‘ The Machinist,’’ Vol. 99, 
1944, p. 101, by a neat, low-cost device 
consisting of a hollow steel cylinder, inter- 
nally steam heated, mating with a wooden 
arm provided with a cavity correspond- 
ing to the diameter of the plate. The 
plate is pressed between the arm and the 
cylinder by hand, the operator being pro- 
vided with asbestos gloves. Blanking of 
Neoprene sheet 1/16 in. thick has been 
solved by the use of cheap dies in the 
works of Southern Aircraft Co., according 
to ‘‘ The Tool Engineer,’’ Vol. 13, 1944. 
Construction of plywood shipping con- 
tainers is dealt with in a booklet issued 
by the Research Dept. of the Douglas Fir 
Plywood Association. The booklet con- 
tains basic information on plywood 
derived from a number of recent tests. 
Insulation for electric. wiring of aircraft 
which automatically provides self identi- 
fication is given by Lumarite plastic 
tubing, extruded with contrasting colour- 
identification lines in the actual material 
of the tube. The new form of sleeving 
is known as “‘ Striatube,’’ and is said 
to have very high dielectric strength, high 
resistance to chemical change by ageing 
and to be proof against acids, alkalis, oils 
and greases. According to ‘‘ Automotive 
and Aviation Industries,’’ Vol. 90, 1944, 
p- 204 (March 15), the material is 
supplied by the Carter Products Corp., 
Cleveland, Ohio. Coating of wires with 
polyamide resins is covered in U.S. 
Patent 2335930. The wire is brought into 
contact with an aqueous suspension of 
the resin, wetting being promoted by 
additions of sodium lauryl sulphate. 
Treatment of the precipitated film to 
secure requisite properties for insulating 
purposes is also indicated. 
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Design and _ con- 
struction of name 
plates, date plates and 
instruction labels is 
discussed by Greve in 
a recent number of 
‘‘Machine Design.”’ 
Metals, vitreous 
: enamel and glass are 
considered, together with laminated 
phenolic sheet and plates moulded from 
thermosetting resin. Injection moulding 
mass, consisting of 85-95 per cent. poly- 
methylmethacrylate and 15-5 per cent. 
polystyrene, forms the subject of Italian 
patent 392,476 (addition to Italian patent 
378,999), granted to Roéhn and Haas 
G.m.b.H., Darnstadt. Investigation of 
thermal conductivity phenomena is dis- 
cussed by Gottwald in ‘‘Arch. Techn. 
Mess.,’’ 1948, No. 148, p. 58. The author 
describes what he terms static and non- 
static measuring systems, and demon- 
strates that only by static systems can a 
direct measurement of thermal conduc- 
tivity be obtained. It is pointed out that 
static measurements are highly accurate 
but tedious. Instruments operating on 
this principle are described, with special 
reference to those of Batsch and Meissner, 
Erk, Keller and Poltz and of Koch. Non- 
static methods for the determination of 
thermal conductivity imply knowledge of 
the specific gravity and specific heat of 
the specimen in order that true conduc- 
tivity figures may be obtained. Non- 
static methods are quicker than those of 
the static type, but are more subject to 
disturbing influences. The plate method 
of Pyk and Stalhane and the steam 
calorimeter of Gottwald are considered. 
Recommendations for the planning and 
estimating of moulds for plastics are put 
forward by Thayer in an account pub- 
lished in ‘‘ The Tool and Die Journal,”’ 
1943/9/129. Problems discussed are 
planning, details of costing, with estima- 
tion of mould costs and production rates. 
Developments in Cycle-welding are pro- 
gressing, as detailed in the ‘‘ Machinist,’’ 
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Vol. 88, 1944, ‘‘ armament section ’’ (not 
paginated), April 22. Moulded parts with 
good electrical properties may’ be pro- 
duced in a new melamine-formaldehyde 
resin, according to ‘‘ Product Engineer- 
ing,’’ April 15, 1944, p. 99. Resistance 
to arcing of this material is said to be 
superior to that of natural rubber. With 
electrodes 0.2 in. apart and a 50 milli- 
amps current, no breakdown occurred 
after 900 secs., although cast phenolics 
failed in 1.2 secs., and a urea-resin mould- 
ing in 10.5 secs., with « cellulose pulp 
fillers, a material similar in working pro- 
perties to the urea moulding powders, is 
obtained. Chopped fabric fillers may 
also be employed. The main physical 
and electrical properties of the resin are 
listed in the article, together with graphs 
of discoloration at elevated tempera- 
tures in relationship to exposure time. 
Vacuum-controlling devices for use of 
milling machines are constructed in cel- 
lulose acetate butyrate. Lightning 
arresters for the U.S. Signal Corp. are 
now housed in transparent cellulose 
acetate, the glow of a small neon tube 
indicating that electrical storms are 
approaching and that the apparatus is 
satisfactorily earthed. A new double 
cavity mould technique enables two pistol 
grips to be moulded at once in a 60-sec. 
cycle, cellulose acetate butyrate being 
employed. (‘‘ Product Engineering,’’ 
February, 1944, p. 86.) Spot glueing gun 
for plywood, plastics and other materials, 
according to ‘‘ Product Engineering,’ 
Vol. 15, 1944, p. 160 (March), provides, 
by means of a high-frequency discharge, 
rapid and intense heating at any desired 
point, the effect being the immediate 
welding together of the components con- 
cerned. The tool consists of a low-power 
ultra-high-frequency oscillator. The 
account illustrates the prototype model 
as well as a later and much improved 
development and details the electric circuit. 
Photo-electric models may be cheaply 
and simply constructed in a new plastic 
specially developed for the purpose by 
the Westinghouse Co. Rapid, cheap pro- 
duction of the material is claimed. 
(‘‘ Machinery,’’ New York, ‘Vol. 50, 
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1944, p. 217 (March).) Plastic mould- 
ing compounds produced from Oklahoma 
yellow pine waste have been developed 
and examined at the University of Okla- 
homa. The following results have been 
obtained using different resin binders for 
the wood waste:—Phenolic resin, tensile 
strength 4-11,000 lb./sq. in.; urea for- 
maldehyde, tensile strength 4-12,000 lb., 
sq. in.; polyvinyl chloride, 8-10,000 Ib./ 
sq. in.; polymethyl methacrylate 4-7,000 
Ib./sq. in. All the plastics produced are 
black in colour. (‘‘ Product Engineer- 
ing,’’ Vol. 15, 1944, p. 140 (February).) 
500 million sq. ft. of plywood and 450 
million cubic ft. of lumber have replaced 
over 5 million tons of metals used in the 
construction of ships and boats in the 
U.S.A. Cellular hard-rubber buoyancy 
units of reclaimed rubber are replacing 
copper tanks previously used in small 
boats. Eighty-five specifications, together 
with tests and definitions for plastics, are 
listed in a 445-page compilation recently 
issued at a price of $2 by the American 
Society for Testing Materials. Approxi- 
mate hardness test suitable for checking 
extruded plastics. (which shrink some- 
what during seasoning and acquire vary- 
ing degrees of hardness) consists in the use 
of a special micrometer having a pointed 
spindle and a spring scale on the anvil. 
(‘‘ Scientific American,’’ Vol. 170, 1944, 
p. 162 (April).) Latex from two recently 
discovered rubber-bearing plants in 
Southern China has been successfully 
used in the manufacture of a variety of 
rubber articles, but detailed analysis of 
the properties of the latex are not yet 
available, according to ‘‘ Foreign Com- 
merce Weekly,’’ Vol. 14, 1944, p. 30 
(March 11). The discovery is important 
as it indicates the possibility of produc- 
ing rubber supplies in adequate quantity 
in areas north of the tropics. ‘‘ Plastics 
for the Engineer ’’ was the title of a 
lecture given by Kirkwood and Ritchie 
before the North-Eastern Section of the 
Institution of Production Engineers. 
(See ‘‘ Journal of the Institute of Produc- 
tion Engineers,’’ Vol. 23, 1944, p. 91.) 
Older techniques were discussed in con- 
junction with newer developments. | 
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‘Fig. 1.—Various types of 
permanent-magnet 
components produced 
by the plastic bonding 
of special alloy powders. 
Note particularly the 
ease with which complex 
assemblies may be 
achieved. The assem- 
blies shown comprise 
the following parts: 
a, steel spindle; b, plastic 
washer; <, hard paper discs; 
d, moulded-in edge rings; 
e, centre bore; f, aluminium 
through-bolt; g, magnetic 
segments; h, annular iron 
keeper; i, resin body; j, 
moulded inserts; k, pressure 
die-cast inserts; I, blind 
holes; m, magnetic com- 
ponents; n, aluminium 
spindles; o, hard paper discs. 





Plastic Bonded Permanent 


Ma ets Account after Dehler (Stahl und Eisen,” 1942/62/983), 
gn. Describing Manufacture and Properties of Magnets 
Prepared by Bonding of Metal Powders with Plastics 


N the cast form, the _ iron-nickel- 

aluminium permanent magnet alloys, 

with or without additions of cobalt, 
copper or titanium, are glass hard and 
brittle and can be finish-shaped only by 
grinding. The fact that they cannot be 
forged, rolled or machined with cutting 
tools, causes considerable difficulty, par- 
ticularly when special shapes are 
required, when small holes must be pro- 
vided in them, or when the attachment 
of shoes or holders becomes necessary. 
On this account a special moulding 
process was developed (D.R.P. 656,966, 
1934, Baermann), in which the magnet 
material in powder form is mixed with 
a suitable plastic binding agent and 
pressed to the required shape by the 
simultaneous application of pressure and 
heat. 

In contrast to the production of such 
magnets by the normal power-metallurgi- 
cal technique, the temperatures used are 
well below those at which sintering may 
occur. The moulding process to be 
described makes possible the economic 
production of small magnets to very fine 


dimensional tolerances in large quantities 
and is highly economic. A full account 
of the process and its practical applica- 
tion was recently presented by Dehler. 

The raw material employed consists of 
cast masses of the required composition, 
of scrap magnets or of runners and risers 
produced during the casting of such 
magnets; scrappers from the moulding 
process itself can also be re-used after 
removal of the plastic bond by means 
of caustic potash. 

The raw material, whatever its initial 
form, is reduced ‘to size in jaw crushers 
or ball mills, crushing time being so 
selected that the output, on screening, 
can be separated into suitable grain-size 
ranges. - The largest particles should pass 
through screens of aperture equivalent to 
15 per linear inch, the smallest particles 
having an edge length of only a few 
microns. 

Fundamentally, in producing’ the 
moulded magnet, it is desirable that the 
maximum amount of magnetic material 
be packed into the minimum volume, 
and, for this reason, véry careful selection 








Table 1.—Properties of commercial moulded magnets. 
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of grain-size ranges 
is essential. Thus, 
for particles’ of 
spherical shape, a 
suitable screen 
analysis would be as 
follows: — 50 per 
cent. passing 1 mm. 
screen; 20 per cent. 
passing 0.3 mm. 
screen; 30 per cent. 


passing 0.05 mm. 
screen. 
In general, the 


final density of the 
moulded mass aver- 
ages 80 per cent. of 
that of the solid 
alloy, but by the 
application of  in- 
creased moulding 
pressure and _ by 
special attention to 
grain-size _ distribu- 
tion of the powder, 
a density equivalent 
to 90 per cent. of the 
theoretical value can 
be obtained. 

To avoid segrega- 
tion of the alloy 
powder from the 
powdered _ resin 
which is mixed with 
it for binding pur- 
poses to the extent 
of 5 per cent. by 
weight, the un- 
moulded mass _is 
rendered slightly 
magnetic, under 
which conditions 
vibration and shock 
in transport and 
handling cease to 
have any separation 
effects. 

In Fig. 2 is shown 
the mould for the 
production of the 
pressed magnet; the 
bush (4) as well as 
the punches (2 and 3) 
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are of hardened steel. A_ well-defined 
clearance must be allowed between a 
punch and mould to permit the escape 
of any surplus plastic during pressing, 
after which operation the moulding 
usually retains 3-4 per cent. of resin. 
In production, thermostatically con- 
trolled electrically heated moulds are 
employed. 

In _ single-cavity moulds accurate 
weights of mixed alloy and resin powder 
are charged into the die cavity in the 
usual way, but for multiple moulds pre- 
forms are used. These, incidentally, 
must be introduced into the mould and 
pressed rapidly to prevent pre-curing. 
When using pre-forms, the moulding 
temperature is 100 degrees C., the mould- 


Fig. 2.—Die set 
for bonded 
magnets : 1— 
magnetic pow- 
der and plastic; 
2—upper punch; 

— bottom 
4—die 
5—die 
holder ; 6—press 
table; 7—press 

ram. 





ing time a few seconds and the moulding 
pressure about 6 tons/sq. in. As to the 
resin employed, this may consist either 
of a phenolic resin or one or other of 
the thermo-softening types, such as poly- 
vinyl chloride. 

The influence of the moulding pressure 
on density and magnetic properties is 
shown in Fig. 3, whilst in Fig. 4 is illus- 
trated the effect of the resin content. 
With a resin content of about 5 per cent. 
it is found that density, remanence, and 
energy value curves reach their optimum 
levels. Incidentally, it might be observed 
that with resin contents of the low order 
stated here the density of the compact 
obtained differs from that resulting from 
the production of pressings without resin, 
all other conditions being equal. The 


resin addition, in fact, acts as a lubricant 
and permits closer packing of the powder 
particles under hydrostatic pressure in the 
die. 
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Moulds and punches of the usual tool 
steel will not permit regularly the use of 
pressures above about 25 tons to the inch, 
hence, to obtain greater density and 
better mechanical properties, when higher 
moulding pressures are required, the use 


= OFERSTED 


= 
Ss 
OENSITY L7ce 


ee 83 


REMANCE: CAUSS 
ENERGY VALVE: GAUSS- 


4 
PRESS.LOAD: tonsf{cm 


Fig. 3.—Effects of pressing load on the 
magnetic properties and density of moulded 
magnets in 9 per cent. Al, 19 per cent Co, 
4 per cent. Cu, 18 per cent. Ni, 4 per 
cent. Ti, 6 per cent. resin bond: a— 
density ; b—energy ; c—remanence. 


of sintered-carbide dies is advised. It 
should also be pointed out that some 
expansion of the mould takes place 
during pressing, and this should be 
allowed for before deciding on dimen- 
sional tolerances. 

By the application of the correct tech- 
nique, magnets 0.75 in. high can be held 
to limits of + 0.004 in. on height, whilst 
on width the average figure is + 0.002 in. 
Using the plastic bonding technique it 
is possible to produce moulded-in holes 


FIELD STRENGTH: OERSTED 


Fig. 5.—Magnet alloy composition as in Fig. 

3.. Effect of iron powder fillers in various 

quantities on the magnetic properties of 

the moulded magnets. Figures above 

curves represent percentage of iron added 
to mix. 
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0.02 in. in diameter. Furthermore, 
inserts can also be moulded in, such as 
pole pieces or supports. Examples to 
illustrate these advantages are reproduced 
in Fig. 1. 

By reason of the fact ‘that, after 
moulding, no further machining is 
normally required, the technique is 
admirably suited to mass production with 
multiple-cavity dies. Assuming a mould- 
ing time of 90 secs., with additional time 
for the location of inserts, a production 
of 120 magnets per hour is quite feasible 
in a multiple die. The elastic properties 
of the resin binder serve to improve the 
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Fig. 4.—Magnet alloy composition as in 

Fig. 3. Effect of resin content on magnetic 

properties of moulded magnets: a—energy 

value with 10 per cent. resin bond; b— 

energy value with 4 per cent. resin bond ; 

c—remanence 10 per cent. resin bond; 
d—4 per cent. resin bond. 


mechanical properties of the magnet, 
which, in the case of the normal cast 
type, certainly leave much to be desired 
in this regard. When extracted from the 
mould the magnet is covered with a film 
of resin which serves to give protection 
against corrosion and confers good 
appearance. 

Using the plastic bonding technique, 
it is possible to produce magnets by 
injection moulding and, possibly, by 
extrusion. Long threads of magnetic 
material can be obtained, which after- 
wards may be cut up to length as desired. 
In these instances the densities obtained 
are relatively low, i.e. 3.9, whilst the 
magnetic moment per gram of magnetic 
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INDUCTION GAUSS 


FIELD STRENGTH } OERSTED 


Fig. 6.—Magnet alloy 
composition as_ in 
Fig. 3. Effect of non- 
magnetic fillers on 
the magnetic proper- 
ties of bonded mag- 
nets :. upper curve, 
mix without fillers ; 
centre curve, with 20 
per cent. inert fillers ; 
lower curve, with 50 
per cent. inert fillers. 
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Fig. 7.—Demagnetiza- 
tion curves for typical 
grades of commercial 
magnets produced by 
the plastic bonding 
and moulding tech- 
nique. Figures above 
curves correspond to 
column headed 


‘* Designation ’’”’ in- 
cluded in Table 1. 


Rrariotid 


material is about 33 
c.g.s. units for a 
magnet with a radio 
length/diameter of 
35:1. Subsequent 
remoulding serves to 
improve these figures. It might be 
pointed out that by the use of suitable 
resins it is possible to produce a magnetic 
paste or paint, so that any desired spot 
on a surface can be given magnetic 
properties. 

If it be desired to produce magnets of 
any given properties, various special 
fillers can be incorporated in the mix; the 
most important of these is iron powder. 
Fig. 5 shows the effect of varying quanti- 
ties of iron powder on the magnetic 
properties of a magnetic moulding in one 
of the special alloys. In Fig. 6 are shown 
the effects obtained by the incorporation 
of non-magnetic fillers. An accompany- 
ing table gives chemical composition and 
magnetic properties of moulded magnets 
of commercial origin. It will be seen that 
the magnetic values obtained are only 
about 20 per cent. below the figures for 
the corresponding cast forms. 


Demagnetizing curves for moulded 


Fig. 8.—Curve showing magnetic moments 

for plastic bonded and moulded magnet of 

composition corresponding to designation 
in Table 1. 


* magnets are given in 
Fig. 7. Magnetic 
moments possible for 
an alloy consisting 
of 9 per cent. alu- 
minium, 19 per cent. 

cobalt, 4 per cent. copper, 18 per cent. 

nickel and 4 per cent. titanium are shown 
in Fig. 8. Other properties of the mag- 
nets referred to in Table 1 are as follow: 
bend strength, 120 kg. /mm.?; compression 

strength, 1,200 kg./mm.?, density, 5.5- 

6.2 gms./c.c.; working temperature, 

160 degrees’ C.; coefficient of linear 

expansion, 15 x 10-6; electrical resistance, 

40-100 ohms/mm.?/metre. 

The technique described by Dehler, 
apart from its commercial importance, is 
of interest in so far as it establishes a fur- 
ther stage between the customary method 
of producing magnets, viz., by casting, 
and that evolved on the basis of the 
powder-metallurgical procedure. From 
the standpoint of the plastics technolo- 
gist, it is of special significance, as it 
appears to represent the first industrial 
application of a metal/non-metal system 
embodying special metal powders and 
plastics, the metal powder being in excess. 
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New Thiokol 


NEW addition to the wide range of 

uses of Thiokol synthetic rubber, under 
the name ‘of Presstite, is announced. 
Thiokol is of such high value as a sealing 
material for petrol and other oil tanks 
that its production in the form of adhesive 
strip is a welcome form. ° 

Presstite Thiokol-base compounds are 
manufactured in various forms and con- 
sistencies. One is an extruded tape or 
ribbon-like continuous strip with a fabric 
backing which is easily removed after the 
seam is covered. This tape is being used 
by the aircraft industry at the rate of over 
two million feet a month, in varying 
thicknesses ranging from .015 in. up to 
.125 in. and in widths between 14 in. 
and 7 ins. Besides the tapes, Presstite 
compounds are extruded in beaded strip, 
produced in bulk or slugs, and in brush 
spray consistency. 

Extruded fuel tank and seam sealing 
tape provides a flexible, gasoline and oil- 
proof seal for the integral wing tanks 
of the Curtiss-Wright C-46 ‘‘ Commando,”’ 
the American Navy’s spectacular torpedo 
bomber, the Grumman ‘‘ Avenger,’’ and 


the Chance-Vought F 4U ‘‘Corsair.’’ 
Vega-built . Boeing B17 ‘Flying 
Fortresses,’’ ‘* Avengers,”’ ‘‘Com- 


mandos’’ and others utilize the seam seal- 
ing tape as a seal for riveted fuselage 
seams to keep out. dust, dirt, rain, and 
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Thiokol-base sealing 
strip with fabric 
backing. The cloth 
is removed, leaving 
a uniform .015-in. 
thickness of sealer. 


sealing Tape 


seepage of air throughout the fuselage 
structures; in other words, as a weather 
seal. The Lockheed Lightning P-38, 
famous twin-bodied fighter, carries Press- 
tite sealing tape in seams in inter-cooler 
and air ducts. Additional applications are 
sealing de-icer tanks, and other parts. 

The fuel tank and seam sealing tape 
is easy to handle because of the cloth 
backing. It is highly adhesive to metal 
surfaces even in the presence of petrol or 
other liquid hydrocarbons, is non-oxidiz- 
ing, non-polymerizing, and ably resists 
aromatic fuels. 

This latter fact is most important in 
those countries where benzene and other 
coal-tar fuels are employed alone or to 
supplement or improve petroleum fuels. 

Yet another form of Presstite sealer is 
available as a paste, capable of extrusion 
under pressure in a hand “‘ gun,’’ the 
type of apparatus normally used for pres- 
sure lubrication. Thus excellent seals can 
be produced at difficultly accessible 
points, in tubes ‘or ‘deep-seated holes. 

The Thiokol Corporation announces 
that researches for the removal of the 
odour of Thiokol, which has, on occasion, 
proved detrimental to certain special 
uses, e.g., those connected with food con- 
tainers, have given interesting results, 
and in some cases have lessened it con- 
siderably. 
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Planned Mould Maintenance 
Service Aids Economical Production 


Part II 


Describing an interesting and useful 

type of moulding-shop and office 

recording system so designed as to 

promote improved maintenance over- 
sight of plastic moulds. 


7 previons and first portion of the 
article oy mould maintenance pub- 
lished in the May issue of ‘‘ Plastics,’’ 
devoted much consideration towards 
emphasizing the importance and influence 
of a number of desirable general main- 
tenance factors for effectively covering all 
essential features of mould maintenance 
and repair. 

The generally dominant note stressed 
in that first section was the necessity and 
importance of placing mould maintenance 
activities upon an organized, orderly 
basis, so as to embrace not only the cor- 
rection or repair of mould faults when 
such undesirable features have already 
occurred, entailing stoppages in produc- 
tion, or undue increase in number of 
faulty mouldings being produced. 

Instead of such spasmodic and inade- 
quately planned activities, ‘mould main- 
tenance, to be truly effective, should com- 
prise a regular system of inspection, test, 
cleaning and general check-up for 
accuracy and soundness during produc- 
tion runs in endeavours to detect the 
usual tell-tale early indications of develop- 
ing faults, before these latter have had a 
chance to reach a sufficient degree of 
seriousness to become the cause of inter- 
ference with smooth working of mould, 
or drastic damage to mould members. 


The Necessity for Permanent Written 
Records 


Proper mould maintenance then, being 
a matter of careful organization and sus- 
tained effort, involves a very frequent 


By W. M. HALLIDAY 


inspection of moulds, products, and scale 
and quality of outputs, as well as the 
rectification of any faults, and must 
inevitably incur a certain amount of 
‘* paper work ”’ in the form of intelligible 
records, etc. j 

Such ‘‘ paper work ”’ is often decried in 
very scathing terms by the purely works 
personnel, who are apt to regard it as 
largely a waste of time and an unneces- 
sary complication. 

This fact should not deter from properly 
organizing maintenance services, because 
it is possible so to design the necessary 
forms, etc., that their compilation will 
impose little additional clerical work on 
the shop-man and yet at the same time 
will dovetail in efficiently with existing 
recording systems employed for general 
office purposes. 

Indeed, it is both desirable as well as 
economical to reduce the volume of 
clerical work in order to conserve the 
efforts of both shop supervisory staffs and 
general office personnel. 

By the adoption of a simple yet 
embracive scheme of records covering 
mould condition and the incidents of 
repair service, etc., a large step will have 
been taken towards simplifying#the opera- 
tion of the entire maintenance scheme, 
which otherwise, in the absence of proper 
records, would be impossible of achieve- 
ment. 

It must be remembered that reliable 
records afford an intelligible picture of 
mould condition and efficiency through- 
out their whole working life, and as such 
eliminate guesswork, oversights, errors, 
and mistakes, etc., in connection with 
repair work performed, being carried 
out, or to be conducted in the future. 

Very often where maintenance activities 
are not knit together by an effective 
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record system essential repair work is 
overlooked, inadequately carried out, or 
deferred too long, so that production is 
held-up, and so on. 


Scope of Recorded Mould Maintenance 
Information 

At the outset it will be useful to con- 

sider what is the minimum essential 

information respecting mould servicing 


which should be permanently recorded for” 


the guidance of both repair department 
and office. 

In thé first place it is highly desirable 
that a record or log be kept of. every 
mould inspection made, by whom, and 
when, and the results, followed by a brief 
account of corrective measures applied to 
eliminate the trouble. 

Where a mould is to undergo an actual 
repair the log would duly record the 
nature and magnitude of fault, number 
of faulty mouldings, the repairs per- 
formed, number of new mould parts 
fitted as replacements, any alterations to 
mould design, departures from standard 
dimensions or works practice, cleaning 
and lubricating operations, etc. 

Furthermore, it will be important for 
such a log to record the exact amount of 
time the mould is withdrawn from pro- 
duction as a result of repair activities, 
when production runs are so interrupted 
by reason of faulty moulds. 

The record should become the per- 
manent repository of any details of work- 
ing, design, construction or production 
factors likely to be of interest either to 
the mee A engineer, mould designer, 
or cost department. Usually there are a 
large number of such points which if care- 
fully recorded, together with ‘known 
effects on mould working, or quality of 
products, may become the source of great 
help to the designer, or mould engineer, 
not only in connection with that particu- 
lar mould design, but also in respect of 
other types of designs to be projected. 

As will readily be appreciated, especi- 
ally by shop-men, there are a multitude 
of such details often insignificant by them- 
selves, but which, in association with 


other similar points, may have important 
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results or lessons., It is hardly ever 
possible for the shop foreman to keep 
track of all these details purely by 
memory, although many are the troubles 
which arise chiefly as a result of efforts 
to do just that, the outcome being too 
great a strain on the memory. 


Some Advantages of Permanent Written 
Records 

Before entering into a detailed descrip- 
tion of a method of mould-maintenance 
record keeping advocated by the present 
writer, it may be found useful to stress 
at this point the many direct and indirect 
advantages which are to be derived from 
the keeping of an always up-to-date 
record of the various circumstances of 
mould working life. 

Some of the direct advantages are:— 

(a) By inaugurating a permanent 
written account or log of all maintenance 
activities expended on a number of plastic 
moulds there will be built-up a valuable 
body of intensely practical information 
from which guidance and helpful instruc- 
tion will be obtainable by all parties con- 
cerned. 

(b) As a result of such built-up records 

it will be possible to determine with closer 
accuracy the true value of any particular 
mould. 
_ (c) More reliable means will be afforded 
for calculating the probable remaining 
“life ’’ to be reasonably expected from 
the mould. 

(d) Production interruptions and their 
more exact cost can be ascertained and 
checked. - 

(e) The actual extent of time and 
expense incurred in respect of any repairs 
will become known and readily controlled. 

(f) Design or constructional features 
can be more soundly assessed for degree 
of efficient behaviour, serviceability, 
effects upon mould operation, production, 
and so on. 

(g) An exact record will also be main- 
tained showing the amount of time, 
labour, and materials spent upon the 
mould to maintain it in a sound working 
condition. 

(h) There will gradually be developed 
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a standard of mould working efficiency, 
accuracy, and finished products, which 
will certainly be reflected beneficially in 
regard to volume of output and trouble- 
free maintenance service. 

(i) Greater production and longer 
mould life will also be promoted because 
mould maintenance activities will tend to 
be conducted with increased vigilance for 
the detection of those: minor snags or 
mechanical discrepancies which if 
unattended may lead to serious mould 
faults. Maintenance and repair engineers 
will appreciate that a better check is kept 
of their efforts when such are permanently 
recorded. 

A number of indirect advantages will 
arise, and among these the following are 
worthy of careful consideration. 

(j) By the mere fact of instituting a 
recorded scheme of mould maintenance 
those charged with performing such work 
will speedily appreciate that loopholes for 
evading responsibility for faulty work 
have been effectiveiy closed. 

(k) As a result there will be a notice- 
able toning up of all maintenance opera- 
tions which will be characterized by more 
thorough-going mould inspections, and 
improved workmanship put into repairs. 

(1) Arguments concerning the responsi- 
bility and blame for repair work done 
or not done will be avoided because it 
will be possible to refer the dispute to the 
written record of the particular incident. 

(m) As moulds will receive a closer 
check and improved oversight they will 
not generally be kept in production after 
an apparently harmless defect has been 
observed, on the grounds that someone 
has failed to report the matter to respon- 
sible quarters, or that they did not con- 
sider it important enough to be afforded 
consideration in this manner. 


Regular Output Check a Valuable 
Guide to Mould Condition 
As already strongly emphasized the 
chief objectives of continuous organized 
maintenance service are to keep the 


moulds in the most efficient working state, 
detect faults sufficiently early and to carry 
out such repairs that arise from time to 
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time. It is true, of course, that such 
features may be controlled to some extent 
by the restrictions of either design, con- 
struction, operation of moulds, or con- 
dition of press. 

Whilst frequent inspection and dis- 
mantling of a mould are necessary in order 
to effect adjustments, discern the extent 
of wear, correct errors, replace worn 
parts, or repair any damages, etc., these 
will naturally only be performed at 
lengthy intervals, and then only when 
trouble is suspected or has actually arisen. 

There is required some factor which 
will afford a sure indication of mould 
conditions throughout production, whilst 
it is installed on the press or injection 
machine. 

Fortunately such a factor exists. It is 
that of the scale and quality of the mould 
output per unit of time. Any mould 
which is maintained in a sound working 
condition will be characterized by a more 
or less uniform rate of production of good 
quality articles with a minimum of operat- 
ing troubles. 

Conversely a mould in poor mechanical 
condition will be marked by sub-normal 
fluctuations in output, and abnormal rises 
in scrapped or faulty mouldings, together 
with increased operating difficulties which 
will still further conduce to a worsening 
of production. 

The mould engineer, who may be con- 
fronted with a serious fault such as a 
damaged core or seized ejector rods, 
requires to know the behaviour of the 
mould during production for some time 
before the fault reached serious propor- 
tions, especially if he is to eliminate the 
developing cause. 

Because then the production rate is 
such a valuable guide to the prevailing 
working condition of a mould, it should 
form the very basis of any scheme of 
mould maintenance, and the closer check 
that can be maintained on output and 
product the more reliable control will 
be exercised over mould accuracy or 
mechanical efficiency. 

In order to secure such check over pro- 
duction it will be necessary to split up a 
production run (for the purposes of con- 
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venience and for record-keeping) into 
suitably approximately equally spaced 
intervals per day, at the end of which 
intervals an inspection of output is made 
to check both quantity and quality. This 
information should then be carefuliy 
recorded upon a suitable chart to con- 
stitute a written guide for the mould 
engineer. 

By this simple method a complete 
check can be maintained on the mould 
throughout a production run. At the same 
time care should be taken to ensure that 
the inspection intervals are not spaced out 
too far apart as to permit of a serious 
mould fault developing and passing 
unnoticed for an appreciable length of 
time. 

For the successful operation of the 
maintenance scheme developed by the 
writer suitable charts were designed and 
put into use for the registering of the 
above information with accuracy and 
economy of time and clerical work. These 
charts will be illustrated and described 
in more detail later in this article. 


Factors Determining the Frequency 
of Output Check 


Some degree of latitude will, of.course, 
be necessary in selecting the number of 
mould output inspections per day. Thus 
in the case of some types of moulds it 
might be advisable to conduct such a 
check once every hour, whilst with other 
moulds it may be made only once every 
three or four hours. 

Several factors will conduce towards 
the fixation of the number of output 
checks per day, and a balance may often 
have to be struck rather than permitting 
a decision to be determined by one con- 
sideration alone. 

First it will be essential to take into 
careful consideration the condition of the 
mould itself. If it is a comparatively 
new tool it will naturally run at a slower 
speed than one which has been in use 
over a considerable time. Hence output 
will be less and a fewer number of 
inspections per day will be necessary. 
This will, of course, depend upon smooth 
production being achieved and not one 
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which is interspersed with the usual run 
of minor snags or objectionable interrup- 
tions which are generally associated with 
commencing production from a brand new 
mould. 

On the other hand, an old mould will 
usually demand more attention to main- 
tain it working at a uniformly satisfactory 
level. It will be necessary to clean, lubri- 
cate, and adjust- mould members more 
frequently than with a newer mould, but 
because of these features there will be 
increased avenues for possible errors or 
troubles arising, hence closer attention 
will be required throughout the entire 
production run. 

In the case of multi-impression moulds, 
too, or those employed in the ejection 
process, the speed of output is likely to 
be very quick, and any undetected fault 
in the mould may speedily result in a 
large number of faulty mouldings being 
made. Thus additional check should be 
made to offset the added production 
speed. 

Furthermore, the works foreman, who 
it is suggested should be chosen to make 
such periodical inspections and checks, 
may have to consider his availability 
throughout the day to make such fre- 
quently repeated checks.. It might be 
advisable for him to space out such opera- 
tions at longer intervals of time so as 
to leave himself free to perform his other 
duties, which might otherwise become 
interfered with adversely. 


The Mould Output Check Chart 


Having now dealt at length with a 
number of general considerations as well 
as the advantages to be gained from the 
scheme, we now come to the point where 
it is necessary to describe in more precise 
form the type of record chart designed 
for enumerating the output information 
obtained at each check during production. 

In Fig. 1 is illustrated the mould out- 
put check chart, to be employed for 
recording and collating the information 
from the periodical inspections. 

The chart itself may be an ordinary 
blue-printed one, or of the multigraphed 
or Roneo type made up from a prepared 
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stencil. This latter kind will perhaps, 
on the whole, be found more convenient 
than a properly printed chart, because, 
generally speaking, only a small quantity 
need be made up and stocked at any 
given time, and also very small renewal 
batches can be economically run-off at 
short notice. Moreover, the entire lay-out 
of the chart may be modified to suit dif- 
ferent circumstances without incurring 
much waste of material, time or money. 
None of these advantages is associated 
with use of a printed chart, as large 
quantities would have to be secured to 
make them economical. 

As already intimated the works fore- 
man, or some_ responsible person 
appointed by him, should be selected to 
take charge of the periodical checkings 
and compilation of output chart. 

One such chart would be attached in 
a suitably prominent position of the 
moulding press, whilst a second identical 
sheet would be fixed at the point of 
inspection where the moulded products 
are normally checked for accuracy, etc. 

His duties as just briefly outlined would 


be to make a check at the predetermined 
times, noting the rate of output from the 


mould during the intervening period, 
then, after noting this down on the press 
chart, to proceed to the inspection stand, 
there. to note down the number of rejects 
during the same period, again marking 
the output chart appropriately. Any other 
obviously unsatisfactory features noticed 
in respect of mould, or the moulded 
articles would also be noted on the chart. 
' It would be unwise simply to record 
the total number of articles produced per 
unit of time chosen, as this might easily 
include an abnormally high percentage of 
scrapped components, or a large number 
of rejected ones requiring some rectifica- 
tion. Quality as well as quantity then 
should serve as the guide to mould con- 
dition. 

It is appreciated by the present writer 
that such a scheme of systematic inspec- 
tion may involve some slight adaptation 
of existing inspection methods at some 
works. Where these are such as to render 
inconvenient a regular and frequent 
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checking it is urged that steps be taken 
to modify the methods to ensure of the 
check being effectively conducted. 

The actual counting would, of course, 
be performed with automatic means, 
numerous simple and _ inexpensive 
mechanical counting devices being obtain- 
able. These are of such a design as to 
be readily attachable to the press, injec- 
tion machine or inspection table, or shute, 
and so set as to count each cycle of move- 
ments, or passage of a single component. 
Thus components produced or inspected 
would ‘be automatically checked for 
numbers, and the visiting checker would 
simply have to observe the dial of device 
and transfer the totals there shown. 


Specimen Chart 

Turning again to the specimen chart 
(Fig. 1, p. 286), it is sufficiently important 
to merit a detailed description in order to 
emphasize the particular type of informa- 
tion it bears, or rather should encompass. 

This chart is arranged to cover a full 
week’s production run, each day of eight 
hours being divided up into four two- 
hourly periods, which unit of time is that 
chosen as applicable to the mould. 

These two-hourly intervals are plotted 
off horizontally on the squared major 
portion of chart at the right-hand side. 
Quantities of articles produced are plotted 
off on the left-hand vertical side as shown, 
this figure extending up to 192 articles per 
every two hours as a ceiling figure 
possible to this chart. 

All essenfial identification information 
necessary for the work is contained in the 
left-hand series of panels. Thus a space 
is provided for the customer’s order or 
reference number, the works or job num- 
ber, mould number, number of its impres- 
sions, the press number, quantity of 
articles in batch. Further spacings are 
provided, it will be seen, wherein is to be 
recorded the date when mould is first 
set-up on press for production, then the 
date and time of any subsequent removal 
of mould for inspection and repairs, etc., 
together with date and time of day in 
which mould is reinstalled on press ready 
for production. 
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This latter batch of information is 
necessary in order that a proper record of 
any ~ production interruptions shall be 
maintained, otherwise it might be possible 
for a mould to be removed, and re-set-up 
on the press without the visiting output 
checker knowing how long mould had 
been out of production. This information 
will also be extremely useful for the tool- 
maker in charge of repairs, as will be 
explained later. 

The lower portion of the left-hand 
vertical panel is left blank, and is pro- 
vided for noting down any remarks or 
notes which the checker may find needful. 

Two permanent datum lines are also 
marked on the chart, preferably in dif- 
ferent and prominent colours. The upper 
one, shown here at approximately 80 
components, coincides with normal and 
reasonable production when everything is 
going smoothly. This datum will afford 
much instruction to the visiting checker 
as to the variations of output and whether 
same are sub- or super-normal. 

The bottom datum line coincides with 
normal scrap associated with the job; ‘in 
this case it is located at the figure of 
approximately 7. Here again the checker 
will be afforded visual indications of the 
trend of produced scrap, and if sharp or 
substantially maintained rises are exhi- 
bited will speedily know that something 
is not quite correct with the mould, press 
or operator, or all three. 

In the actual instance of component 
production here presented and recorded 
on the chart, it will be observed that the 
check was made once every two hours. 
The method of recording the varidus 
totals at each check should be as simple 
as possible, and one that does not entail 
a washing of hands, or other similar pre- 
parations. 

The total is denoted on the chart oppo- 
site the appropriate quantity figure and 
in the proper time column, by means of 
a small cross, which, however, should 
be made large enough to be 
visible at some distance. This fea- 
ture will be found useful as enabling pass- 
ing supervisors, setters, etc., to observe 
at a glance the tendency of output, which 
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might otherwise be impossible if a minute 
and close examination of the chart were 
necessary to extract any of its 
information. 

Taking a glance at the actual output 
record here given it will be seen that 
production was fairly uniform, and with 
reasonable scrap percentage until Thurs- 
day morning, when scrapped parts were 
particularly heavy, so much so as to 
necessitate an examination of the mould. 
Two ejector rods were then found to be 
broken, the mould operation being very 
stiff as a consequence, and some thick 
flash was noted on many products. 

The mould was removed at approxi- 
mately 10 a.m. and sent to toolroom for 
correction, being returned at 12 noon and 
fixed on press once more, after which 
production output improved, and there 
was also a marked decline in scrapped 
pieces. 

Where a very long production run is 
to be made the output check chart should 
be changed at the commencement of a 
new week, so that the information con- 
tained on the chart shall coincide with the 
other usual weekly time recording 
methods, thereby enabling the system to 
work along with the normal time-record- 
ing means. 

When an order for a batch of mould- 
ings is received a number of output charts 
appropriate to the requisite mould are 
issued to the works from the general 
office, and once production commences 
the moulding shop foreman should see 
that the output chart is correctly in posi- 
tion on press, etc. : 

By itself though such an-output check 
may not be entirely reliable or truly indi- 
cative of the exact working condition of a 
plastic mould for the following reasons:— 

(1) Production may often be main- 
tained at a high and seemingly satisfac- 
tory level for a lengthy period of, say, 
several hours, by an enthusiastic but not 
very observant operator, who may pro- 
ceed blithely producing moulded com- 
ponents slightly defective as a result, say, 
of a misplaced core, tight ejector, strained 
insertion holder and such like features, 
which whilst not just functioning cor- 
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POLYTHENE 


Polythene is pure polymerised ethylene, a white translucent 
thermoplastic material which can be extruded or moulded. 


Its chief use at the present time is in the cable industry where 
exceptionally good electrical properties are required. Polythene 
has a very low power factor, is chemically inert and of low water 
absorption. ‘These properties should lead to wide applications 
after the war. 

I.C.I. Polythene is sold under the trade name of “ Alkathene,” 
and is available in chips or as a mixture with polyisobutene. In the 
latter form it is generally used for cable covering. 

Other forms in which “ Alkathene” can . be 

supplied are rod, film, sheet and moulding powder. 

Particulars of “ Alkathene” and other plastic 

materials are available on request. 


IMPERIAL CHEMICAL INDUSTRIES LIMITED 


Sales Offices at: Mill Hill, London, N.W.7; Oldbury, near Birmingham; Alderley Edge, Cheshire ; 
Bristol ; York ; Newcastle-on-Tyne ; Leicester ; Bradford ; Cardiff ; Sheffield ; Glasgow; Belfast ; Dublin, 
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FROM FINE FINISHES 





The well-known CELLON range of products has been 
built up largely by the rapidity with which the CELLON 
technicians appreciate the importance of new innovations 
and new industries. : 


The rapid increase in the use of Plastics presents 
intricate but surmountable problems and, in fact, CELLON 
Synthetic Finishes and Thermo-Plastic Adhesives have 
already been devised and are in use for numerous 
special purposes. 


CONSULT CELLON on all problems of finishing or 
jointing materials, and let them give you the benefit of 
their experience in this and other fields. The address is 
Richmond Road, Kingston-on-Thames, Surrey. Telephone: 
Kingston 1234 (5 lines). 


TO FINE ADHESIVES 


CELLON 


A Cellon product 


: ee faba ie: CEL LON 
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rectly are not so serious as to cause an 
obvious fault on moulding plain for the 
operator to see, or a too difficult working 
of the mould. 

Similar minor mechanical discrepancies 
or minute faults if undetected and uncor- 
rected might eventually impose excessive 
strains upon some mould member and 
thus lead to a failure of the part and the 
need for a major repair. 

(2) In addition there may develop a 
fault in the mechanism of the moulding 
press or injection machine, as the case 
may be, which will be slightly reflected 
in mould output, but which may show up 
much more markedly in regard to the 
accuracy or general quality of the article. 

By obtaining the number of rejected or 
scrapped parts per unit of chosen time, 
the above factors will be very considez- 
ably neutralized and a much more reliable 
indication secured of the vagaries of pro- 
duction and the effects thereon produced 
by the mould condition. 

In this connection there is one further 
point well worthy of attention. It often 
happens that both press and mould are 
in sound working condition and yet 
puzzling output and product quality 
variations are exhibited. Many times it 
is possible to track the cause of such 
variations to the improper method of 
handling either moulds or machine on the 
part of the operator. It will be recalled 
that in the first section of this article 
attention was directed towards the task of 
operator training, and the efficient and 
intelligent output checker will first ascer- 
tain that the operator is working in cor- 
rect manner when any seemingly baffling 
snags arise. The present writer has often 
been able to solve such difficulties by find- 
ing the cause to lie in a very simple act 
of omission or commission on the part of 
the inadequately trained operator. 


Advantages Gained from Introduction 
of Output Checking Chart 

In passing several substantial advan- 

tages are to be noted from the proper use 
of such chart as just described. 

As it provides hourly, daily, and 

a weekly check on outputs from each 
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mould, the record will ensure that a con- 
stantly recurring fault, etc., will be 
brought very sharply to the notice of the 
supervisory staff, and eventually via them 
to the designer of the mould, if the fault 
is one attributable to deficiencies in 
design. Or on the other hand should 
the fault connote a constructional or 
material inadequacy this will be brought 
to the notice of the toolroom foreman or 
metallurgist. 

Analysis of this output chart will after 
a little time constitute a case history of 
the mould, which will become revealingly 
illuminating as to its behaviour, etc., 
during all the time of its working life to 
date. 

Then also the mould designer will be 
furnished with a valuable avenue of 
study concerning the practical utility or 
otherwise of any mould design, or com- 
ponent design, which may prove of 
important value to him when attempting 
any design modifications, or embarking 
upon an entirely new design. He will 
have at hand a valuable body of informa- 
tion indicating the functioning, service 
and efficiency of any design fonm, 
together with its weaknesses, limitations, 
and possible working faults. 


The Mould Fault and Repair Record 
Chart 

It will be appreciated that the chief 
function of the output checking chart is 
to collect continuously information of the 
working of the mould in order to dis- 
cover developing faults and errors, but 
there is yet another side of the mainten- 
ance scheme of which it is equally 
important to have a proper and intellig- 
ible recording means. 

This is, of course, that relating to the 
carrying out of actual repairs, alterations, 
modifications, replacements, cleanings, 
lubrications, etc. 

Effectively to cover such activities it is 
necessary to employ another chart or 
record sheet to supplement the mould out- 
put check. 

This chart is known as the mould fault 
and repair record, a completed example 
of which is illustrated in Fig. 2. 
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MOULD OUT-PUT CHECK 


CUSTOMER'S 
ORDER No. 


WORKS—JOB 
ORDER No. 


MOULD No. 


NUMBER OF 
IMPRESSIONS 


PRESS No. 


MOULDS SET-UP 


MOULDS 


QUANTITY 
REMARKS 


4,000 


= WK.-ENDING 22-1-44 


HOURS-2468246824682468246 8 2 


MON. 


TUES. WED. THURS. FRI. SAT. 





Fig. 1.—Chart for recording output and production conditions of each mould at 
two hourly intervals, for the detection of developing faults. 


Its function is to provide means for 
recording every detail of repair or main- 
tenance work performed on a mould, to 
constitute a permanent written record 
thereof for future reference and guidance. 

Referring to Fig. 2 (page 287), it will be 
noted that this record is so arranged as to 
provide for denoting all essential informa- 
tion concerning the work, working con- 
ditions of mould, nature of fault as shown 
by incorrect mouldings, or observable 
faults in mould, loss of time, etc. 

At the head of chart immediately under 


the title a number of small horizontal 
spacings are provided for recording such 
identification details as the customer’s 
order number, allotted works order num- 
ber, mould number, number of its impres- 
sions, press number, correct weight. of 
moulding, number of faulty mouldings 
returned with mould for correction, 
moulding temperature, and by whom 
checked; moulding pressure, again by 
whom checked; and, finally, air pressure, 
again by the person checked. Initials only 
will be sufficient in these last three cases. 
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You know how it is when materials are in short supply. 
People begin looking round for something else. Since the 
war claimed all the available supplies of aluminium, we’ve 
had numerous ’phone calls from people who say—‘“ You 
make some kind of material which is strong and lighter 


» 


tal than aluminium. How much can you let us have?” 

ich We have to say that the enterprising fellows at the various Ministries got here first and 
r’s we can only supply against form number so and so. But we’re glad to give manufacturers 
\m- 


with an eye for post-war markets full details of 


pee Paxolin and Panilax which are light and strong, 





- easily machined and pleasant to look at. Maybe 

on, Government departments are not the only people 

om who can find interesting uses for these new materials. 

by 

Ire, THE MICANITE & INSULATORS COMPANY LTD - EMPIRE WORKS - BLACKHORSE LANE - LONDON - E17 
nly Makers of MICANITE (Built-up Mica insulation). Fabricated and Processed MICA. PAXOLIN (Synthetic- 
3eS. resin laminated sheets, rods, tubes and cylinders). High Voltage Bushings and Terminals for indoor and out- 


door use. Empire Varnished Insulating Cloths and Tapes and all other forms of Electrical Insulation. 
Suppliers of P.V.C. Extruded Tubings and Sleevings, Vulcanis.1 Fibre, Leatheroid, Presspahn, etc. 
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PRENENE 


An ideal Plasticiser for synthetic resins 
































"PRENENE P| ls a true plasticiser, combining with the 


resin to form easily workable mixings. 
TPRENENE|P pizsey’oSin oe” 
gue laa 
“PRENENE P| Improves insulating properties. 
eager 
PRENENE ‘P| — easily processed with the origina 
« ” M b d | eo: d E d pa 
PRENENE P| ame ee ae dea 

‘*PRENENE ”’ (P) and Polyvinyl-chloride 


produce a finished material with excellent shea 
mechanical and electrical properties. NE\ 


"PRENENE P| Will reduce your production costs. ate 


Please apply for samples and full particulars to:— 


LOW TEMPERATURE CABBONISATION, LTD., 
GAWBER, Nr. BARNSLEY, YORKS. 
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MOULD FAULT AND REPAIR RECORD 
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DESCRIPTION OF MOULDING 


Insulator Panel 


MATERIAL 





Cust. ord. 846/43 Works ord. 3415-CF | 


Mould No. CF 97-1 








No. impression | | Press No. DA/I7 . 





Correct 
weight 


Faulty parts 
sent with mould 








3 


pressure 





Moulding Checked by 
temp. 165°C. | A.L.F. 











Moulding | Checked by 


Air-line | Checked by 


13 Tons | A.L.F. || pressure O.K. | AL. 














FOLLOWING MOULD-MOULDING FAULTS NOTED BY. 





A. L. Foulds 


Date__20/1/44 











SEIZED CORES 


BROKEN EJECTORS 


D&O 


MISALIGNED BLOCKS 


WEAKNESS 


DISTORTION 


UNDERWEIGHT 


IMPROPER CURE 


OOO 


MOULD 
DAMAGED CAVITY 
SURFACE 
‘a FAULTY DOWELS 
CJ DISTORTED FORCES 


MOULDED ARTICLE 








[] MATERIAL RUNS SHORT 


CT] BAD FINISH 


TJ LOW DIELECTRIC 


[[} Hot-sHort 


POOR FACE SEAL 


STIFF IN OPERATION 


CORRODED SURFACES 


THICK FLASH 


DIMENSIONAL ERRORS 


INSERTS VARIATION 


SOFT MATERIAL 


OOBw® ORD 








OTHER 
FAULTS 














DESCRIPTION OF REPAIRS PERFORMED 





2 Standard ejector rods fitted. 


Mould blocks cleaned. Parts lubricated. Mould tested for 
smooth working, found O.K. Forces sealing properly. 


Main dowels adjusted. 














MOULD RECD. FOR REPAIR = 20/1/44 
MOULD O.K. RETD. PRODN. = 20/1/44 
MOULD O.K. SENT STORES 

SIGNED SF. 





NEW PARTS FITTED—OTHER ALTERATIONS 








DESIGN MODIFICATIONS 
NOTIFIED TO DWG. OFFICE 


DATE SIGNED REMARKS 

















Fig. 2.—Chart for recording all essential information of mould irregularities and repairs performed. 


N.B. Use separate sheet for each repair 
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Next follows a large spacing for the 
noting of mould or moulding faults, with 
provision for the signature of the person 
observing same and the date. 

Nine very usual forms of mould errors 
or faults are set out in the first place, 
each having a small panel wherein may 
be marked an indicating cross to show 
that such a fault has been noticed. 

Underneath are 12 similar usual faults 
associated with mouldings, again with 
facing panels for indicating signs, if any 
of these are observed on the products 
from the mould in question. 

Below these stated faults a space is 
provided wherein may be given any other 
faults in either mould or articles. 

The next horizontal spacing below this 
is for receiving accounts of repair work 
carried out on the mould. It will be 
noticed that at the right-hand side four 
small panels are provided in which may 
be recorded the date when mould was 
received from production shop for correc- 
tion, etc. The next space is for noting 
down the date when mould is passed as 
correct and returned to production depart- 
ment. A similar spacing is provided 
underneath this for indicating that the 
mould is correct and has been sent to 
stores. The final small panel is for enter- 
ing the initials of the person responsibie 
for the despatch of mould to production. 
or stores departments. 

Lower down on the sheet is provided a 
small horizontal spacing in which should 
be recorded an account, either written or 
by sketches, of any new parts fitted to 
a mould in the course of its repair. Simi- 
larly, any alterations to its construction 
or design should be fully described in this 
space. Ifa part has been fitted having 
some dimensions non-standard an account 
of this feature should also be made at 
this place for future reference. In fact, 
any departure from normal standard 
accepted works practice as well as any 
new pieces should be recorded here. 

The final spacings at bottom edge of 
sheet concern the matter of the notifica- 
tion to the drawing or design office of 
all cases where an alteration to existing 
design of a mould has been necessary, 
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in order that the requisite revision of 
mould tracing and drawings can be made 
and so maintain drawing-office records 
up to date. 

A small space is left at the extreme 
bottom right-hand corner for the insertion 
of any remarks or comments respecting 
any point upon the sheet. 

The actual instance here recorded is a 
follow-on of that revealed by the 
Mould Output Check Chart. It will be 
observed that two broken ejector pins 
were visible in the mould, this feature 
being indicated bya cross in the appropri- 
ate panel. Also the mould was found to 
operate very stiffly, and here again this 
information is rapidly recorded by a simi- 
lar cross in panel opposite this fault. 

Three faults were actualiy discernible 
in the finished moulding, i.e., distortion, 
thick flash, and dimensional errors, each 
of these being indicated in the coinciding 
panel as shown. 

The broken ejector rods imposed 
unequal ejection strains upon the finished 
moulding, causing acute distortion of the 
ejected piece. 

Because of the nature of the fracture of 
rods the working of the stripping plate 
was greatly stiffened, making for harsh 
operation of the mould. 

Thick flash was an ensuing result of the 
failure of mould blocks to close completely 
by reason of stiffened working and nature 
of ejector-rod breakage, whilst the dimen- 
sional errors accrued as a result of the dis- 
tortion set up by the unequal ejection 
push. 

In this manner the sheet becomes at the 
same time the up-to-date record of all 
repair work carried out, together with the 
time taken, which is equivalent to the lost 
production: time, as well as a record of 
several other important features which 
normally in most moulding works are left 
entirely unplanned or organized. 

Thus often when effecting a _ repair, 
etc., on a mould parts have to be fitted in 
such,a manner, or connected with existing 
members in a special way, or slight adap- 
tations may be desirable in respect of 
other membeis, and usually no record is 
kept of such actions. The result often 
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leads to trouble later on. In a succeeding 
breakdown, say, a part is made up to 
standard dimensions or usual shape only 
to find that it will not fit properly because 
of the slight deviations from standard 
made previously and much time is wasted 
in making up a special part for these 
circumstances. 

If all such dimensions, or, indeed, a 
small sketch has been retained as a per- 
manent record, however, all such troubles 
will not arise because an exact duplicate 
of the component can be made up without 
trouble or fear of it not being suitable. 

Very often, too, during a repair shut- 
down on a mould the toolmaker takes the 
opportunity of effecting a modification to 
the construction of the mould of some 
part or feature which has been proved not 
quite satisfactory. The new construction, 
etc., should be described and figures or 
dimensions given, thus this information 
will serve as a record to illustrate at a 
later stage the serviceability or otherwise 
of the adaptation. The toolmaker will 
then be able to judge upon the success or 
failure of the step taken. _ 

Whilst the mould fault and repair 
record provides for recording the amount 
of production time actually lost by reason 
of any particular repair activity, the 
actual time spent thereon will also be 
noted on the normal daily time sheets 
employed by the workmen for wage and 
cost calculation purposes. 

One such sheet should be used for each 
repair or maintenance operation on a 
mould, but if a large amount of informa- 
tion has to be conveyed to the record the 
blank rear face may be used. 


General Office Records 


The Mould Output Check Chart, and 
Mouid Fault and Repair Record, are both 
extremely simple to compile and maintain 
up to date, yet in themselves, as will no 
doubt be appreciated, they afford a reli- 
able basis for making up permanent 
records in the works office, which, taken 
in combination with predetermined wage 
rates, or machine-hour ratings, or other 
known time and production data, will be 
invaluable for use in rate fixing, checking 
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outputs, and the ascertainment of ulti- 
mate costs on the part of the general office 
charged with such activities. 

Furthermore, the estimating depart- 
ment will be afforded access to this 
extremely important body of information 
which they will find useful in making up 
estimates on similar jobs, or for determin- 
ing the amount of load on each section 
of plant, or for the more accurate fixing 
of delivery dates. In addition such cal- 
culations are less likely to be upset by 
reason of the serious mould breakdown as 
is often the case where no systematic 
maintenance oversight of the kind here 
described is in existence. 

The difficult question of adequate finan- 
cial allocation to cover mould mainten- 
ance can be more reliably judged and 
budgeted by referring to the accumulated 
information on maintenance afforded by 
the record charts. 


Storage Facilities and Methods 


For a variety of reasons it is well worth 
while to devote not a little study to the 
problems of mould storage, because there 
are actually a number of very important 
considerations associated with such activi- 
ties which have a profound influence upon 
mould maintenance and condition. 

Unless some care is exercised in respect 
of mould storage it may be found that a 
serious deterioration in mould condition 
has occurred whilst the tool has been in 
stores department. The writer can cite a 
few notable instances brought to his per- 
sonal notice of how an otherwise excellent 
mould has been almost ruined in some 
vital respect because of indifferent storage 
methods or provisions, which could have 
been entirely obviated had a_ proper 
method and suitable storage provisions 
been provided at the outset. 

It should be remembered that many 
moulds spend considerably lengthy 
periods in the stores and a small amount 
of time relatively in the production shops. 

As a preliminary it should be treated as 
undeviating toolroom and moulding-shop 
practice never to return a mould direct to 
stores after a production run. It should be 
sent to the toolroom and corrected in the 





290 PLASTICS JUNE, 1944 


manner desired, or simply cieaned, lubri- 
cated and assembled in the proper order 
suitable for storage for a lengthy period. 
All polished surfaces would be treated to 
a coat of rust or corrosion preventative, 
other parts would be well lubricated, dirt 
and accumulations would be cleaned off, 
and the main mould blocks assembled in 
the closed position thereby excluding 
access of dirt, etc., to the cavities. 

Proper storage provisions suitable to 
each mould, should be provided, and the 
tool always being housed therein. It is 
also desirable that similar provision be 
made for properly housing auxiliary 
mould members which it is desirable shall 
not be stored in the assembled position on 
main body of mould. 

Each bin, or shelf, will, of course, be 
prominently indicated with the following 
particulars in order that quick identifica- 
tion shall be made of the contents. Cus- 
tomer’s order number, works order num- 
ber, mould number or reference, number 
of impressions, times removed from stores, 
weight, and when first placed in storage. 

Another time-saving and very useful 
plan has been found in stamping or 
engraving such essential information on 
the mould itself, selecting, of course, some 
plainly visible but non-essential surface 
for this purpose. 

This information consists of the follow- 
ing and will afford a good guidance to 
readers of the kind of thing required :-— 

(a) Date of completion of the mould. 
This is the date the mould is actually 
placed in production after all tests, 
running-in, etc., has been conducted 
successfully. 

(b) Order number of the customer, or 
customer’s name if known, together 
with the name of component. 

(c) Own works order number or 
reference. 

(d) Mould number, together with 
number of cavities. 

(e) Mould working temperature, 
curing time, etc., should also be 
stamped thereon. 

(f) Number of press or injection 
machine to which mould has_ been 
adapted. 














(g) The proper weight of the finished 
moulding. 

(h) Weight of mould, together with 
all auxiliary equipment. 

(i) The output of components per 
hour from mould. 

(j) Kind of material of which various 
members of the mould are manufac- 
tured. 

(k) Any very important dimensions 
such as cavity diameters, core sizings, 
etc., likely to be of assistance to the 
mould repairer at some future date 
should also be appropriately stamped 
permanently upon the mould. 

The advantages to be gained by this 
practice will, of course, be apparent. 

To illustrate, take the case of item (d), 
which gives the number of cavities. As 
previously explained, the best position for 
storing moulds is with the blocks tightly 
closed together, so that the finely polished 
surfaces of cavity are guarded from dust 
and dirt, etc. But in this position it is 
often difficult to tell how many cavities 
there are in the mould. In the case of 
heavy or bulky moulds some time may 
be taken up in extracting: them from stor- 
age bin and parting the mould blocks in 
order to ascertain the number of impres- 
sions. This effort and time would have 
been obviated had this simple information 
been prominently marked on an exterior 
surface of the mould. 

Then, again, take the latter points 
(j and k). 

Very often after a mould has been in 
operation for some time, and a serious 
breakdown occurs necessitating the 
replacement of a number of parts, trouble 
arises because no one is clear as to the 
grade of material to employ for these 
renewals. Records have not been kept of 
original materials, personal memories are 
vague, and so on. If, however, this 
information is stamped on each part there 
can be no question of doubt, etc., hence 
time and. worry will be saved for the 
maintenance engineer. 

Similarly with important measurements 
or sizes. After a mould has been in use 
for a few years cavity diameters tend to 
grow large, or cores to decrease in size, 
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PLASTICS 


embrace the whole range of synthetic thermo- 
setting and thermo-plastic materials, and in 
additionare manufacturers of TEL-AENDURON 
—pitch and bitumen asbestos material used for 
all external applications, including Lin> Tele- 
graph and Power Insulation. Unbreakable 
and climatically indestructible. 


Our research laboratories are constantl _ 
exploring and developing new applications of 
plastic materials to engineering, chemical and 
other requirements, and our Advisory Panel 
of {Technicians is always at the disposal of 
manufacturers wishing to discuss individual 
problems. 


The laboratory apparatus shown here is 
used in one of the routine tests to which all 
materials used by DE LA RUE PLASTICS LTD 
are subjected. This typical examination 
guarantees that each moulding will .conform 
to specific chemical requirements, whilst other 
test ascertain the physical characteristics. 


The name DE LA RUE has always guar- 
anteed quality in mouldings. 


Ne fh, Line ? laclies 


rIiMmMitres 
IMPERIAL HOUSE, 


84/86 REGENT STREET, LONDON, W.1 
Telephone: REGent 4901 
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thus calling eventually for replacement. 
Unless a record has been kept of the 
correct size of such parts much time may 
be lost in making tests on the mould 
before the final correct dimensions are 


found. If the proper sizes are plainly 
stamped on the mould in permanent 
fashion there will again be no occasion 
for doubt. 

In the case of heavy moulds some pro- 
vision, of course, will be necessary for 
lifting them into their respective storage 
bins, as well as conveying them to and 
from the moulding shop, toolroom and 
stores. Such appliances are essential, 
otherwise there is a risk of a mould being 
dropped on to the floor, thereby suffering 
damage, or of it being left on the floor of 
the stores because it is too heavy or awk- 
wardly shaped to lift by hand. 

All these may appear very minor details 
and, indeed, almost self-evident ones, but 
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in practice it is not so. It is the seem- 
ingly insignificant detail which is so often 
the cause of a serious form .of trouble, 
and the obvious practice is rarely adopted, 
especially when it is of an apparently 
trivial or simple character. 

Much might be written on this aspect 
of mould maintenance, but to sum up, 
each mould should be considered as an 
individual storage problem, and the stor- 
age facilities built and planned around it 
accordingly, and it should be the aim of 
any good storage plan to ensure that a 
mould when once placed into storage shall 
not suffer damage by contact with other 
articles; shall be easily and quickly 
located; housed in a bin or container 
plainly marked with all relevant informa- 
tion regarding the job for which mould 
is intended; and that proper means be 
adopted for ensuring that every mould is 
assembled in correct fashion for storing. 








‘* Designing for Plastic Moulding.’’ 
A Correction 


The author of the recent articles upon the 
above subject is much indebted to a reader 
for calling attention to several discrepancies 
in One of the illustrations which appeared 
in the second portion of the above article 
published in the March issue of ‘‘ Plastics.’’ 

On page 138 of that publication a some- 
what complicated design of a_ box-like 
article was considered and stress concen- 
trated upon a number of objectionable 
features, as shown in Fig. 7, together with 
the means for their avoidance given in 
Fig. 8. 

It is regretted that by an oversight on 
the author’s part, the plan and front eleva- 
tion views there given in Fig. 8 were not 
in agreement, in that the undercut portions 
B and D respectively at each side of the box 
were not shown identically on the two 
views. 

Furthermore, both those undercuts 
should have been shown so as to pass clean 
out of both the top and bottom. edges of 
the moulding, instead of only being 
extended upwards to reach the top edge as 
was shown. Unless this is done it will be 
obvious that great difficult would be occa- 
sioned in removing the finished moulding 
from the bottom die block; whilst the mould 


itself would still have to be of the split 
type, and of such a complexity that its 
manufacture would prove difficult and 
somewhat costly, 

The appended modified drawing of this 
box illustrates these two undercuts being 
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carried to both top and bottom edges, as 
shown in chain lines (B and D) in lower 
view. , 

The lower view in Fig. 8 in the original 
was also incorrect in respect of recesses (L). 
The angle of inclination given to the sides 
of these recesses was the wrong way to allow 
for ejection from top die block by the 
stripper. The proper angle of side-wall 
inclination is here shown in the attached 
sketch (see chain lines in lower view). It 
will thus be noted that the width of the 
recesses at their mouth, viz., top edge of 
moulding, is much wider than the width 
at their lower ends. The bosses on inside 
wall, of box surrounding holes (J) will, in 
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consequence, be narrower at the top than 
at their lower end, , 

The small boss (C) formed on wall of 
recess (B) is here omitted because, upon 
further reflection, the author feels its pre- 


.sence may become a source of mould com- 


plication and operating difficulties, 

It is emphasized that the side walls of 
tecesses (B and D) should have ample 
inclination to ensure easy withdrawal of 
core-forming die members. This feature is 
omitted in the upper view herewith for the 
sake of clarity. All sharp corners should be 
obviated as far as possible for reasons of 
improved moulding and simpler withdrawal: 

W. M. Hattipay. 








Plastics in South Africa 
By W. L. Speight 

oF OU hear a lot about the. coming 

plastics age, with everything in it, 
including houses, made from plastics,’’ said 
Mr. N. Stutterheim, of the investigation 
section of the South African Building 
Control, in a paper read at a meeting of 
the South African Society of Civil Engineers 
in Johannesburg. ‘‘ Until new plastics or 
new moulding techniques allow of much 
more economical production of large mould- 
ings that they do to-day, plastic houses 
can only be made at exorbitant prices. 

South African manufacturers of cosmetics 
and perfumes state that while permits for 
the importation of high-grade raw materials 
have been granted there is still much con- 
cern about plastic packings. Proper pack- 
ing of this sort is still unobtainable in South 
Africa. An instance is the tops of bottles 
for cosmetic liquids and perfumes. These 
are often made of a type of plastic with a 
smell which permeates liquids when it is 
in contact with them for any length of 
time. It is said that cosmetic liquids and 
perfumes depend on the delicacy of their 
odours and any offending by-odour may 
make the product unsaleable. Imported 
perfumes which have recently arrived in 
South Africa have proper packing, thus 
putting the local manufacturers at a dis- 
advantage. 

A Johannesburg firm is manufacturing 
plastic powders under a trade name and 
they are being used for battery cases, door 
and window fittings, and laminated pipes. 
Another Johannesburg firm has installed 
new machinery for the manufacture of 
2 oz. cosmetic containers with screw tops 
in black, red and green. The raw materials 


for these lines have to be imported, but it 
seems the firms cannot always get a good 
product. 

Plastic toy motor cars, racing cars, vans 
and tanks are being made by a Johannesburg 
firm which recently began manufacturing. 
The toys are claimed to be _ practically 
unbreakable and have been made specially 
to compete with the pre-war imported lines, 
and it is also claimed that the plastic toys 
are sold at prices even cheaper than the 
pre-war prices quoted for imported toys. 
This must be one of the few instances where 
a South African plastics firm is producing 
goods at a lower price than the imported 
lines, for the present tendency seems to be 
to take advantage of pressing war-time 
shortages and to put on as high a price 
as the market will stand. 

Another sign of plastic development in 
South Africa is the registration of a new 
Johannesburg company, this time for the 
manufacture of a plastic protective com- 
pound which is also to be sold under a 
branded name. It is claimed that it can 
be used as a paint and as a sealing com- 
pound, and can be used by builders as 
a sealing and jointing compound for 
roofing protection. This firm is also to 
manufacture a plastic battery insulator. 

So far the capital investment in the South 
African plastics industry is not very large, 
but there have recently been some opti- 
mistic speculations about its post-war 
development. While it may be true that 


plastics manufacturing has come to the 
Union to stay, for many years the industry 
may only succeed in dealing with the more 
inconsiderable aspects of the market, par- 
ticularly as there is no production of the 
raw material in the country. 





PRODUCTION 
NEws 


MR. H. W. GRAESSER-THOMAS, of 
Yorkshire Tar Distillers, Ltd., was 
unanimously elected chairman of the British 
Plastics Federation for 1944-1945 at a recent 
Council meeting. Dr. W. J. Warboys, of 
Imperial Chemical Industries, Ltd., was 
elected vice--chairman. 


AERO RESEARCH. Bulletin No. 18 from 
Aero Research, Ltd., deals with the methods 
of employing Ardux adhesive in its latest 
form, that of powder, which overcomes the 
difficulty usually associated with liquid 
synthetic resin glues, namely, that of short 
storage life. The powder is stated to have 
a life of at least six months when kept in a 
cool, dry place. Details regarding method of 
solution in methylated spirits and water are 
given, and the use of the adhesive in aircraft 
production, for joining plastic mouldings 
together, and in radio manufacture. 


PRODUCTION BULLETIN. The cur- 
rent issue of this Bulletin, published 
‘by the Ministry of Labour and the Ministry 
of Production, contains many interest- 
ing articles, including ‘‘ Power Trucks 
in Some Essential Industries,’’ ‘‘ Back 
at Work After Disablement,’’ which 
describes how a small works has employed 
blind, deaf and otherwise disabled men and 
women, ‘‘ The Place of the Foreman in the 
Factory Organization.’’ In the Production 
Section are published notes on The Emerg- 
ency Machine Tool Armament Corps, the 
amazing small army of specialists which are 
sent round the country advising and training 
factories and workers. In addition, there is 
a useful commentary on the Recovery of Oil 
from Swarf. 


THE TITANIUM PIGMENT MANU- 
FACTURERS in the United Kingdom have 
formed a Titanium Pigment Manufacturers’ 
Specification Committee, whose sole object 
is to assist in the preparation of official 
Specifications involving Titanium Oxide. 
The chairman of this new Committee is 
Mr. S. Woodhall (National Titanium 
Pigments, Ltd., Kingsway, Luton, Beds.) 
and the secretary is Mr. S. G. Tinsley 
(British Titan Products Co., Ltd., 
Burlington House, Yarm Road, Eagles- 
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Raw Materials, New Plant, Works 
Organization, Control Apparatus, 
Research, Personal and Trade Notes 


cliffe, Stockton-on-Tees). The new body 
has been invited to nominate representa- 
tives to those Committees of the B.S.I. 
dealing with paints and pigments. The 
Committee will also welcome invitations to 
assist in specification matters affecting other 
industries in which Titanium Oxide is used, 
such as:—Printing ink, rubber, linoleum, 
leather finishes, plastics, rayon, paper, 
ceramics, welding. 


THE SOCIETY OF INSTRUMENT 
TECHNOLOGY has been formed for those 
interested in the design, manufacture, use 
and maintenance of scientific instruments. 

Its objects are:— 

(a) The advancement of instrument 
technology by the dissemination and 
co-ordination of information relating to the 
design, application and maintenance of 
instruments. 

(b) The provision of opportunities for 
discussion, particularly between the 
designers and manufacturers on the one 
side, and the users on the other. 

(c) The provision of opportunities for 
discussion and collaboration between the 
Society and other associations. 

(d) The encouragement of technical 
education for persons who wish to enter, or 
are already in, the industry dealing with 
instrument research, design, manufacture 
or use. 

(e) The encouragement of research into 
problems relating to instrument technology. 

(f) To encourage the standardization of 
instruments and accessories by collabora- 
tion between manufacturers and users. 

(g) The determination of a commonly 
acceptable terminology. 

(h) Enhancing the status and prestige of 
those employed in the industry. 

Those interested are invited to send their 
name and address to the hon secretary, 
who will forward details of membership and 
an application form. The secretary’s 
address is: 55, Tudor Gardens, London, 
W.3. 


F.B.I. AND INDUSTRIAL RESEARCH. 
—tThe Federation of British Industries has 
decided to strengthen its organization on 
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the research side by making its Industrial 
Research Committee a permanent Standing 
Committee of the Federation with its own 
fully qualified Secretariat. 

The Federation, while not itself engaging 
in research, will, through the work of its 
Standing Committee, do all in its power— 
in collaboration with existing organizations 
in this field—to promote the interests of 
industry in relation to research and its 
application. At the same time, it will make 
every possible effort to secure the success 
of any wider or more comprehensive 
organization which may result from the 
present widespread interest in the problem 
of research. The terms of reference of the 
Industrial Research Committee are: To 
stimulate national interest in research for 
industry and foster it in all appropriate 
ways, such as: encouraging industrialists to 
devote a more adequate part of their 
resources to the promotion of research and 
its application to existing products and to 
the development of new products; providing 
money for the creation and maintenance of 
adequate facilities for post-graduate 
research; encouraging the education of the 
necessary research and development staff of 
universities, technical colleges and industrial 
establishments; promoting contact and 
collaboration wherever possible between 
centres of industrial research or institutions 
and research workers; facilitating co-opera- 
tive research within British industry, with 
special reference to the needs of small-scale 
industries; providing information on 
research questions by creating a liaison with 
appropriate reference libraries and technical 
and scientific institutions; calling attention 
to the publications of professional, technical 
and scientific institutions, assisting where 
necessary in their distribution, and 
encouraging the provision of literature on 
matters not already adequately covered; 
promoting the compilation of general 
information on industrial research, particu- 
lars of organizations and the facilities avail- 
able; providing from time to time informa- 
tion for Press and public on the achieve- 
ments of British industrial research, and 
stimulating world interest in them. 





** MODERN PLASTICS.’’—The National 
Trade Press, Ltd., announce that they have 
entered into a contract with the Breskin 
Corporation of New York to acquire all 
tights in this country of all matter 
appearing in ‘‘ Modern Plastics’’ and 
“ Plastics Catalog.’’ 

““Modern Plastics’’ is issued monthly 
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and can be classed as one ofthe world’s 
leading technical journals, Under the direc- 
tion of Charles Breskin, it has grown up 
with the Plastics Industry in America, 

‘* Plastics Catalog,’’ published annually, 
runs to 1,000 pages, and is, in fact, a com- 
plete encyclopedia, catalogue and directory 
of the whole of this important industry in 
the U.S.A. 

At present, The National Trade Press, 
Ltd., are engaged in producing a book 
entitled ‘‘ Plastics Applied’’ for the 
information and guidance of firms using 
plastics. This is being edited by V. E. 
Yarsley, D.Sc., M.Sc., F.I.C. 


JOINT INDUSTRIAL COUNCIL.—In 
common with several other industries, the 
Plastics Materials Industry has set up a 
Joint Industrial Council to deal with wage 
rates and conditions of employment of 
labour, The membership of the Council is 
made up of representatives of the employers 
and employees. The chairman is elected 
annually from either side alternately. 

The, Plastics Joint Industrial Council 
functions in relation to the main Joint 
Industrial Council for the Chemical Indus- 
try; it includes representatives of the 
unions involved and selected representative 
firms in the Plastics Materials Industry which 
is allied to the Chemical Industry; thus rates 
of wages and conditions of employment in 
the firms represented on the Council are 
controlled by national agreements. 

The chairman for 1944 is Mr. H. V. 
Potter, B.Sc., F.IC., M.1.Chem.E., 
managing director of Bakelite, Ltd. 


SOCIETY OF CHEMICAL INDUSTRY 
(PLASTICS GROUP) 
Extract from 1943-44 Report 

The Group has shown exceptional pro- 
gress during the past session, whether 
estimated in terms of membership, meetings 
or new activities. An important feature 
has been the closer contact established with 
Group Representatives in the Sections and 
other Groups, which it is hoped will lead to 
increased interest in Provincial centres. 
The Committee has been fortunate in that 
Dr. Cullen has often found it possible to 
attend meetings and provide guidance on 
difficult points. 

Membership. A considerable increase in 
membership has taken place; now 517 as 
compared with 410 on May 1, 1948. It is 
gratifying to record that several Canadian 
and U.S. members of the Society have 
enrolled in the Group. A severe loss to the 
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plastics industry has been sustained 
through the death of Dr. Baekeland, a 
pioneer and founder of the phenolic plastics 


industry. His decease is deeply regretted 
by the Group. The first Baekeland 
Memorial Lecture, endowed by Messrs. 


Bakelite, Limited, will be given by Mr. 
H. V. Potter in 1945. 

Meetings. The attendance of members 
at meetings has been extremely good, a fact 
which is not attributable solely to the 
policy of holding Joint Meetings with other 
bodies. The Editor of ‘‘ Chemistry and 
Industry ’’ has been generous in the space 
allotted for accounts prepared by the Hon. 
Recorder. 

Proceedings of the Group. Volume III 
was issued, at a cost of 7s. to members of 
the Group. The demand was so great that 
nearly 300 copies were prepared and there 
is no doubt now of the success of a venture 
that was entered upon with some mis- 
giving. 

Hon. Hospitality Officer. Acting on a 
resolution passed at the 11th A.G.M. the 
Committee appointed a Hospitality Officer. 
Mr. Langwell was good enough to accept 
this post and has been responsible for most 
of the social aspects of meetings. 

Proposed Annual Subscription. At the 
l1ith A.G.M. a resolution was passed 
recommending that a referendum should be 
taken to ascertain the view of members on 
the levying of a small annual subscription, 
in addition to that paid for membership of 
S.C.I. The result of the referendum was 
strongly in favour of the scheme, and the 
matter is now to be brought before the 
Council of S.C.I. 


LIAISON WITH INSTITUTE OF 
PLASTICS INDUSTRY 

During the session, closer contact has 
been achieved through the appointment by 
the I.P.I. of Mr. E. Wilkins (member of 
Group Committee) as liaison officer between 
the two bodies; this has been important 
because the Committee has taken particular 
interest in the question of education in 
Plastics, a subject in which the Institute 
has been a pioneer. 

Miscellaneous 

(A) The Group has once again been 
responsible for the section on “‘ Plastics ’’ 
in the Annual Reports on the Progress of 
Applied Chemistry. 

(B) Dr. W. Blakey has been appointed 
as representative of the Society on B.S.I. 
Technical Committee PL/2. ‘* Amino- 
plastic Moulding Materials.”’ 
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(C) The Group Committee entertained to 
lunch Major E. L. Hobson, Q.M.C., U.S. 
Army, who has recently been on an official 
visit to this country in connection with 
Plastics. 

Acknowledgments. The Hon. Secretary 
is once again deeply indebted to various 
officers and members of Committee whose 
work has made his task so much easier. In 
particular Dr. Bell rendered great service 
by taking over the duties of the Hon. 
Secretary during the latter’s absence over 
the difficult period at the beginning of the 
Session. Mr. Idris Jones has carried out 
the programme arrangements very 
efficiently, while Dr. Bell has continued his 
able recording of the Group’s activities. 


OFFICERS AND MEMBERS OF 
COMMITTEE 1944-45 
Officers 
Chairman: Mr. A. J. Gibson. 
Vice-Chairman: Mr. N. J. L. Megson. 
Hon. Treasurer: Mr. Austin Lowe. 
Hon. Recorder: Mr. J. Idris Jones. 
Hon. Secretary: Dr. S. H. Bell. 
Hon. Hospitality Officer: Mr. H. 
Langwell. 
Immediate Past Chairman: Mr. E. (i. 
Couzens. 
Ordinary Members 
Dr. W. Blakey, Mr. C. Chapman, Mr. C 
Diamond, Dr. J. Hetherington, Mr. E. J 
Wilkins, Prof. H. W. Melville, Dr. J. E. 
Sisson (a), Dr. K. W. Pepper (b), Mr. 
L. M. Read, Mr. Alan Speedy, Mr. Foster 
Sproxton (a), Dr. V. E. Yarsley (b). 
(a) appointed by Committee. 
(b) elected at A.G.M. 


PLASTICS CONTROL has changed its 
address from Buckingham Palace Road to 
Terminal House (Fifth Floor), 52, Grosvenor 
Gardens, London, S.W.1. Telephone: 
Sloane 2271. 


TUFNOL, LTD. Ellison Insulations, 
Ltd., the makers of Tufnol, announce the 
change in their title to Tufnol, Ltd. There 
is no change in the directorate nor in the 
addresses of the offices. 


PERSONAL 


Mr. C, Martin has now been made Plastics 
Research Engineer of the Bristol Aeroplane 
Co., Ltd. Mr. Martin is well known to 
many of our readers for his work on pulp 
preform moulding, low-pressure moulding, 
and for his developments in cast resin jigs 
and tools. 
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Synthesis of Polyvinylacetals 

§ pecs chemistry of vinyl acetal resins is 

relatively simple. These products, 
belonging to the ether class, are formed as 
a result of the interaction of two molecules 
of polyvinyl alcohol with one of an alde- 
hyde (e.g., acetaldehyde, formaldehyde, 
butyraldehyde and others) or ketones. 
Since the polyvinyl alcohol is a deriva- 
tive of vinyl acetate, the source of which 
is acetic acid and acetylene, the sequence 


CH =CHe bles 
| Polymerization 
OCOCH; ==> 


Vinyl Acetate 
lonomer 


of processes that leads to acetal produc- 
tion may be expressed by the following 
scheme:—(a) The union of acetylene with 
acetic acid, catalysed by mercury salts, 
yields unsaturated vinyl acetate; (b) this 
monomeric substance by polymerization 
in the presence of peroxide catalysts gives 
polyvinyl acetate, (c) which by hydro- 
lysis passes into the polyvinyl alcohol, 
and (d) the latter by condensation with 
an aldehyde forms polyvinylacetal. 

As has been described previously, the 
monomeric vinyl acetate, by addition of 
peroxide catalysts and moderate heating, 
undergoes thickening and, on removal of 
the unpolymerized portion of the reaction 
mass, produces a tough glasslike resin 
with the following principal properties:— 


Specific gravity 6 i“ oe 1.191 
Refractive index n 7 > oa 1.467 
Tensile strength, about, . J 5,000 Ib. /sq. in. 
Permittivity at 1,000 cycles, 30°C: 2.7 

. Permittivity at 1,000 cycles, 60°C. 6.1 
Surface Resistance, ohms/cm. > 10%? 


Power factor, 1,000 cycles, “g0cc: 0.025 
Power factor, 1,000 cycles, 60°C. 0.070 
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Resinoids and Other Plastics 
as Film Formers 


XXIII.—Coating Media on Vinyl Acetate and 
Polyvinyl Alcohol Base (Contd.) 


—CH —CH2—CH —CHe —CH— CH2 —CH—CH2— 
| 
OCOCHs 






























By B. J. BRAJNIKOFF, 


Consulting Electrical Engineer 


Heat distortion (A.S.T.M.) . 38°C, 

Water absorption (approx.) 144 hrs. 2% 

Water absorption prolonged 
immersion* “a « oS 


*At this increase i material becomes pliable ‘but 
regains its original state after drying. 


The polymerization of vinyl acetate 
monomer gives rise to the formation of a 
long chain, whose monomeric units are 
held together by primary valence forces, 
constituting the macromolecule of poly- 
vinyl acetate, with double bonds opened; 


| | 
OCHs OCOCHs OCOCHs 


Polyvinyl Acetate 


taking as an illustration only a fragment 
of a long chain polymer composed of four 
molecules of vinyl acetate, we may depict 
it as possessing the apparent structure 
shown above. 


Replacement of Acetyl Groups 


The acetyl groups can react without dis- 
turbing the rest. Thus, the acetyl groups 
may be replaced by hydroxyl groups, by 
acetals from various aldehydes, etc. 

The final stage in the process of acetal 
formation is that of joining, through oxy- 
gen atoms, each pair of the alternate car- 
bon atoms in the original chain with 
aldehydic groups,379 which is accom- 
plished by causing pairs of hydroxyls to 
react with single molecules of an alde- 
hyde, thus yielding the characteristic 
acetal structure, whence this class of resin 
derives its designation.37! 

The structural aspects of the com- 
pounds obtained in this way may be 
typified, in the case of using the formal- 
dehyde, by the expression overpage. 
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Condensation ) - — CH» — CH — CHs — ie — CH» — . — CHa — 
with ———_> | , 
Formaldehyde) O — CH2 — O O — CHe — O 


Properties of Polyvinylacetals 


The acetals of polyvinyl alcohol are 
resinous thermoplastic products distin- 
guished by the absence of colour, tough- 
ness and powerful adhesiveness, being 
soluble in organic solvents, such as alco- 
hols, ketones, mixed ethers. Depending 
on the control of the chief factors entering 
into the acetal manufacture, their proper- 
ties can be made to vary over a wide 
range so as to meet the specific require- 
ments of industry. Their technical utility 
in the coating field may be assessed from 
the fact that, by virtue of having 
crystal-clear transparency and_ strong 
adhesion, besides general high strength 
characteristics, the acetal-type resins have 
proved themselves particularly valuable 
as a material for bonding the lamine of 
safety glass, superior to any other sub- 
stance available at present, surpassing in 
several respects the interlayer of cellulose 
acetate or nitrate. This circumstance is 
an adequate testimony to the suitability 
of these resinoids to serve as a source of 
high-grade film-forming agents, adhe- 
sives, cements, impregnating, sealing and 
varnish compositions, and kindred media 
that can be prepared to fit in the diverse 
and exacting technological needs (viz., 
for bonding veneers in wood laminates 
used in airscrew blade manufacture and 
other members of aircraft construction, 
for coating electrical conductors with 
insulating enamel, etc.). By compound- 
ing the acetal resins with duly chosen 
plasticizers they acquire a high degree of 
elasticity displaying rubber-like charac- 
teristics, extraordinary resistance to abra- 
sion, do not become brittle at reasonably 
low temperatures or fluid at relatively 
elevated temperatures. They are capable 
of yielding an extremely uniform (with 
variations + 0.0005 in.) film or sheeting 
material. Moreover, the  polyvinyl- 
acetals appear to be the best synthetics 
hitherto developed, which approach 
natural shellac in some respects. It may 





Polyvinyl Acetal (Formal) 


safely be stated that for the production of 
gramophone records polyvinylacetal can 
replace shellac with success. 

The advantages of these products over 
the other type of synthetic resins used in 
the manufacture of gramophone records 
(chiefly over the Vinylites of different 
make) -is the absence of flow under small 
loads and a better retention of the surface 
form (the sound furrows of the record), 
in addition to high stability. 


Manufactured Products 


The resinoids of polyvinylacetal type 
have been most widely developed by 
Shawinigan Chemicals, Ltd., Canada, 
and are there manufactured under the 
trade name of Alvars, denoting the com- 
pounds formed by reacting the hydro- 
lysed vinyl acetate polymer (Gelva) 
with acetaldehyde; Formvars—the acetal- 
type products of condensing with for- 
maldehyde and Butvar—the acetal resin 
made by condensing with butyraldehyde. 

The acetal-type resins of the commer- 
cial variety referred to above during the 
last few years are winning increasing 
recognition, as the progress in research 
unfolds. 

Thus Alvars, as a result of reinforce- 
ment of their chain structure, differ 
radically from their parent polymers, par- 
ticularly in the absence of the cold flow 
inherent to Gelvas; therefore, in addition 
to superior coating compositions yielding 
hard-wearing, tenacious and _ non-dis- 
colouring films, they also lend themselves 
to pressure’and injection moulding, sheet- 
ing, extruding and other fabrication 
techniques, ensuring stability and 
machinability of products. 

Depending on the object in view, the 
Alvar solutions, like other varieties of 
acetal resins, may include fillers, pig- 
ments, dyes, plasticizers, and other modi- 
fying ingredients, which are capable of 
answering the specific purpose of applica- 
tion; for example, on account of the com- 
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REAL ACHIEVEMENT 


On a January day in 1826 the first Holyhead 
Stage-coach passed over Telford’s engineering 
masterpiece—The Menai Suspension Bridge— 
thus the journey from London to Holyhead 
and Ireland was greatly facilitated. 





At that time the firm of Kayser Ellison had 
already been established some months and was 
making a reputation for quality steels. Since 
those far off days the name Kayser Ellison has 
become of world-wide importance in the field 
of special steels. 


KE; STEELS 


K.E. 961 and other K.E. Special Steels for 
Mould Die Work—in Forgings or Bars, black 
rolled or precision ground finish. 





( KAYSER () ELLISON § & CO. LTD.) 


CARLISLE STEEL WORKS, SHEFFIELD. EST. IN 1825 











London Stock sts'\zxcept for Stainless Steels) : 
FARMER, STEDALL & CO., 145-157 St. John Street, Clerkenwell, E.C. 1. 
London Stockists for Stainless Steels : 


MACREADY’S METAL CO. LTD.., 131-135 Pentonville Road, London, N. 1. 
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patibility in all proportions with nitro- 
cellulose, Alvars may be incorporated in 
the latter to give it the improved charac- 
teristics of durability, light stability, 
gloss-retention, so as to render these com- 
positions much better fitted for use not 
only as indoor varnishes; such as furni- 
ture lacquers, for decorative embossing 
and panelling work, but with an equal 
reliability in service on outdoor exposure. 
Subject to a percentage replacement of 
the acetyl groups of polyvinyl acetate 
by acetaldehyde, the viscosities of the 
Alvars can be made to vary within con- 
siderable limits, in the same range of sol- 
vents as are used for the parent Gelvas. 
Some of the average properties of acetal 
resins of this type, which are inert, almost 
colourless, highly stable to light and heat, 
are given below:— 


Specific Gravity, , ? ee «610.945 
Refractive index n— .. . 1446 
Coef. of linear expansion . 0.000065 
Water absorption, approx. .. . 2 percent. 


The field of applications of these film- 
forming agents, comprises among others, 
the coated textiles required in the manu- 
facture of imitation leathers, for replacing 
the rubber-coated or  cellulose-coated 
fabrics employed for upholstery purposes 
on furniture seats -~of every description, 
including that on board ship and aircraft, 
and generally as a material offering 
greater resistance to heat and hard wear. 

The next noteworthy offspring of the 
acetal family is Formvar, the product of 
condensation of hydrolysed polyvinyl 
acetate with formaldehyde, being distin- 
guished from the Alvar resins by appreci- 
ably greater strength combined with 
toughness (the modulus of rupture is 
about 10,000 lb./sq. in.), higher soften- 
ing point, lower moisture permeability 
(water absorption 1.3 per cent.), and 
lower solubility; it gives solutions in a 
limited range of solvents, including 
dioxan, acetic acid, ethylene dichloride, 
and a few others, and it strongly resists 
the action of coal-tar and petroleum sol- 
vents, oils, alcohol, water. As a con- 
sequence of having a higher softening 
point, the working of Formvars with 
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standard equipment, such as is met with 
in calendering films on to a tissue base, 
or extruding insulating coatings for elec- 
trical conductors and the like, requires 
the introduction of suitable plasticizers, 
in order to impart to the resins added 
flexibility. 

From the consideration of the inherent 
attributes of the Formvars, namely, their 
excellent film-forming and adhesiye pro- 
perties, together with the general stabil- 
ity, it may be readily apparent that their 
scope of usefulness must be as wide as 
that enjoyed by the Alvars, especially in 
formulating a great variety of coating 
media, comprising lacquers, varnishes, 
enamels, binders, impregnants and 
kindred compositions. 

Their obvious utility extends to the 
treatment of various materials (rigid and 
non-rigid) designed to reinforce their 
structural strength so as to render them 
capable of withstanding rough handling, 
and thus prolong their useful life. The 
Formvar compositions may be prepared 
as solutions in organic solvents, as 
aqueous emulsions and dispersions, or as 
hot melts, the body undergoing the treat- 
ment (e.g., cloth, wood, wires, etc.) 
being passed directly through the media; 
alternatively, by resorting to the calen- 
der, the Formvar resin, duly plasticized, 
may be converted into continuous sheet- 
ing as fine as 0.002 in. in thickness, and 
the films thus obtained may be employed 
for laminating a multiplicity of objects. 
For this purpose these films can be 
calendered on to the surface of paper, 
textiles, wire mesh materials, wood, etc., 
acting either as bonding interlayers in 
composite structures, or the protective 
and decorative coatings (clear or 
coloured, matt or polished) for facing the 
body. Also, by means of the extrusion 
press, the Formvar stock yields continu- 
ous coatings over strips or wires. The 
last two operations, which may be per- 
formed at high manufacturing: speeds, are 
of special advantage to the electrical 
industry for insulating conductors either 
directly coated by the extruding process, 
or by using the calendered tapes (alone or 
lined with paper, fabrics, etc.). 
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Being odourless, tasteless and non- 
toxic, the Formvar resin is a splendid 
packaging material quite suitable for 


the interior coating of food cans, 
for lining paper or metal foils, as 
sanitary wrappers, hospital sheeting 


and coverings for the protection of 
medical equipment, and many other 
applications requiring an inert, pliable 
and durable film strongly adherent to the 
surface of a flexible base. 

Particular attention has recently been 
focused upon Butvar, derived from the 
condensation reaction between hydro- 
lysed polyvinyl acetate and butyralde- 
hyde. This type of acetal resin, from 
the industrial viewpoint, may be regarded 
as the most important member of the 
various polyvinylacetals so far developed. 
By virtue of possessing an exceptionally 
favourable combination of characteristic 
properties, including clarity, colour 
stability and bonding power, the Butvar 
resins are outstandingly superior to any 
class of plastics as interlayer in the manu- 
facture of laminated safety glass. 

The average physical properties of 
polyvinyl butyral-type resin are:— 


Specific gravity . 1,112 
Tensile strength, Ib. /sq. in... oe .. 8,500 
Modulus of rupture, Ib./sq. ‘in. - .. 11,400 
Shock resistance, ft. Ib. - .. 0.052 
Heat distortion °C (A.S.T.M.) ; em oe 58 
Water absorption per cent. 16 hrs. |. - 3 
Water absorption per cent. 60 hrs. .. 5 


Moreover, to this group of resins can be 
imparted excellent’ elasticity and 
pliability either by heat alone, or by the 
admixture of plasticizers, by means of 
compounding the formulated stock on 
standard mixing rolls, thus yielding a 
product which may be employed as a 
basis for the replacement of rubber. 

The notable synthetic material of this 
type issued of late by the Monsanto 
Chemical Co., U.S.A., under the trade 
mark Saflex, has already demonstrated its 
merits and now successfully competes 
with many elastomers as a substitute for 
rubber-coated fabrics. Typical examples 
of its many uses are:—Weatherproof gar- 
ments, protective coverings, raincoats, 
tarpaulins, multi-ply laminations, sheet- 
ing stock for inflatable equipment, food 
bags and containers, sleeping bags, air 
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mattresses, etc., ensuring lightness, com- 
pactness and durability. 

The shortcomings due to thermoplacity 
may be, to a large extent, surmounted by 
cross-bonding the filamentary molecules 
through bridges induced with the aid 
of special reagents, a method, in some 
respects, analogous to the familiar effect 
of vulcanization on the properties of 
natural rubber. 

As has already been pointed out in 
more detail in an early part of the current 
work (Section IV) dealing with the struc- 
tural properties of organic coatings, in 
the light of existing knowledge, the 
only interpretation of mechanism to form 
insoluble and infusible products is the 
cross-linkage between the neighbouring 
long-chain polymers with the evolution of 
three-dimensional systems. 

As a consequence of producing mole- 
cules of polyvinyl butyral in retiform of 
the interlinked type, it should then be 
expected that the derivatives in this case 
will display a definite improvement in 
heat resistance (which, as a rule, is not 
very high in polymer resins) and reduced 
moisture susceptibility. This possibility 
has been demonstrated practically by Du 
Pont de Nemours.°72 


Factors Determining Acetal Properties 

Although the number of patent speci- 
fications describing methods of acetal 
formation is legion, published data on 
investigations of the process itself, in 
fundamental aspects, are extremely 
scanty. Of special interest from the prac- 
tical standpoint are questions relating to 
the influence on the properties of acetal 
resins of free hydroxy] groups carried into 
the final product, the viscosity of poly- 
vinyl alcohol or the initial polyvinyl 
acetate, as well as the technique for the 
purification of the reaction product. 


(To be continued) 
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You can’t shake a Spire 
Nut loose. A Spire fixing 
locks itself. Whatever the 
assembly there’s a good chance 
that the job can be done better 
and quicker by Spire. Send us 
examples of your assemblies ; 
parts or drawings. In about. a 
fortnight we'll show you how. you 
could do the job the Spire way —per- 

haps with Spire Nuts or Clips; perhaps 
by re-designing your components so _ that 
the Spire device is part of them —in which 
case you won’t need nuts at all. 





THAT’S Fixed THAT! 


This is a typical case of intelligent use of 
Spire fixing. This was originally a spring 
clamp which was screwed to its base with 
screw, washer and nut. Now the clamp is 
redesigned to incorporate its own Spire 
fixing, and the nut and washer 
have disappeared. Apart from 
the saving in material, it is a 
much quicker and simpler 
assembly job, the clamp is 
* zipped’ on to the screw and 
tightened firmly home. De- 
8 A BE TTER signed as a fuse holder this 
fixing NS 1307 is suitable also 

for securing any cable, rod or 

way of fixing circular equipment from lin. 


to — 4hin, diameter. 





TRADE MARK 


Specialists in all types of 
improved woods, and in 
the design of all kinds 
of structures embodying 
improved wood materials. 


JICWOOD 


AND 


JIXONITE 


JICWOOD LTD., WEYBRIDGE, SURREY 
Telephone: Weybridge 3376. Telegrams: Jicwood, Weybridge 
LONDON: Grosvenor Gardens House, Westminster, — 








Folesbill Road, Cove Tel.: Coventry 88771. 
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EXTRUDED PLASTICS 


will play a large part in post-war 
developments and the Tenaplas 
process opens up many possibilities 
for the enterprising manufacturer. 


Tenaplas Specialists can extrude 
plastic coverings of dimensional 
accuracy, in a variety of colours to 
wire, rope and other flexible 
materials. 


Perhaps your products could be 
improved by the help of Tenaplas. 
Why not ask their advice? 


TENAPLAS 


EXTRUDED PLASTICS 


Registered Trade Mark 





TENAPLAS LTD., 7 PARK LANE, LONDON, W.1! 
















in MOULDS for 
MODERN PLASTICS 


gre PPe ees. 


Penee 





214/222, Cardigan Road, LEEDS, 
Telephone: LEEDS 52033 
"= Member of the Gauge @nd Toolmakers’ Association. 











SON 


FOR BAKELITE 


Acetate and other Synthetic 
Mouldings. Modern Plant 
and Facilities 


APPLIANCE Cot? 
WOOLFOLD, BURY, LANCS. 


Telephone: Bury 1560-1 Telegrams :“Bysonite, Bury.” 
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LAMINATED 
SYNTHETIC 


RESIN 
IMPREGNATED 





Tensile Strength 
24,000 Ibs. 


per square inch. 


THE NEW INSULATION CO. LTD. | 
GLOUCESTER ENGLAND 










































































tet them all hang 
SS  togethen! 


Why iet your documents play hide and seek in leaning, 
sagging folders when they can be filed quickly and 
found instantly in Shannograph full-vision flat top 
folders, which hang on a metal frame and never slip 
or hide. An infinite variety of indexing is possible on the 
flat top, with fixed or movable signals on the Visible 
Edge for progress, production control, etc. Frames 
fit any standard filing cabinet or deep desk drawer. 
Send 1d. stamp for leaflet. 









THE SHANNON LIMITED 
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customers 


Makers of all 
types o - 
petition pro- 
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M-C-Land REPETITION LTD. 
Pool Lane - Langley - Birmingham. 
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GEORGE COHEN, SONS & CO., LTD. 


Engineers & Machinery Merchants 
Established 1834 


REQUIRE TO PURCHASE 
good Surplus PLANT & MACHINERY—either single 
items or Complete Works. Please inform our nearest 


Area Office :— 


GLASGOW: Cogan Street, Pollokshaws; NEW- 
CASTLE-ON-TYNE: 12, Grey Street ; MANCHESTER : 
Cobden Street, Pendleton; SHEFFIELD: Coborn 
Works, Tinsley; BIRMINGHAM: 191, Corporation 
Street ; BATH: Lower Bristol Road ; SWANSEA: Prince 
of Wales Dock; SOUTHAMPTON: Princes Street, 
Northam ; REDRUTH: 25, Albany Road; 

or Chief Offices and Depot:— 
Southern: LANE, LONDON, W.12 


WooD ; Northern: 
STANNINGLEY, nr. LEEDS. 








Give your ears a 


SECOND FRONT 


against the onslaughts of noise! 


MALLOCK-ARMSTRONG 


Can tell you how. 


Ring ABBey 7113 























—— AGENCIES WANTED —-——- 


0TH AFRICA. Your POST-WAR EXPORT MARKET. 
5 & COMPANY (Principal: David Kay), Commonwealth 
Debdies, St. George's Street, P.O, Box 23 











5, CAPE TOWN, 
SOUTH AFRICA, are desirous of making contact with British 
Manufacturers as FACTORY REPRESENTATIVES for South 
Africa and the Rhodesias. Highest references available and 
really first-class representation assured. Proprietary Medicines ; 
Toilet; Household Requisites; Hardware and Plastics par- 
ticularly invited. information from SAMSON 
CLARK w« CO., LTD., 5 , Mortimer Street, London, W.1, 
or write direct. SH/2R74 





SITUATIONS VACANT 
APPLICATIONS ARE INVITED from persons with experience 


in the plastics industry for a senior position in the post-war 
service and saies organisation of Courtaulds Limited. Applica- 
tions, which will be treated in confidence, should give full par- 
ticulars of experience in this industry, and should be addressed 
to COURTAULDS LTD., 16, St. Martin’s-le-Grand, London, 
E.C,1, marked C.0.B, on the envelope. 85/x7761 
ASSISTANT CHEMISTS (British) for routine and development 
work on laminated plastics in Midland Works. Experience with 
phenolic resins anadvantage. State exper ienc e, age and salary 
required. Box No. 3035, ¢/o ‘‘ PLASTICS, 85/4 
CHEMIST REQUIRED, with knowledge of plastics materials, 
Good prospects and permanent position. Apply, stating age, 
references, experience and salary required. Box No. 3039, 
co ' PLASTICS,’ 85/1 
SALES OFFICE MANAGER, with good commercial knowledge, 
required for London plastics company. Experience in plastics 
or light metal fabrication industries an advantage. This per- 
manent appointment will carry satisfactory status and pros- 
pects, with superannuation. When replying it is essential to 
give full particulars of education, experience and qualifications, 
Box No. 3036, c/o ** PLASTI 85/3 
WANTED, experienced and practical man for control of plastics 
department operating on Perspex and acetate sheet moulding 
in Slough area. Must be capable of carrying out any operation 
connected with forming of articles on these types of material. 
Box No, 3038, ¢,o ** PLASTICS,” 86/2957 


SITUATIONS WANTED 
PROMINENT EIRE COMMERCIAL AGENT seeks representation 


British Jaminé ates manufacturin g concern, immediate post-war. 
Box No. 2973, c/o ** PLASTICS,’ 86/x7937 


Se WANTED —~—— 


MOULDS. Interested in electric fittings, mill reels and bobbins 
or utility household articles, Box No. 2665, c/o ‘‘ PLASTICS.” 
85/2879 





























ACETATE AND NITRATE 





-—_—_—_—_———-——— WANTED —————— 

PLASTIC INJECTION MOULDING MACHINE, new or second- 
hand, 12 to 16 oz. capacity, required immediately. Details and 
price to Box No, 2037, c/o ‘* PLASTICS.” 2 
SECONDHAND GRINDING MACHINE for plastic scrap, State 





size and capacity, oo dition, make, age and price, Box No. 
3018, c/o “ PLASTIC N6/xX8148 
MISCELLANEOUS —-—-———— 


FF-CUTS and scrap sheets, also 
flakes, available for work A, National Importance. LLOYDS, 
72, Bridge Street, Christchurch. 222/65 
A FIRM with an organisation covering the building trade and 
with their own full time salaried representatives in constant 
touch with private and Local Authority architects, surveyors, 
contractors and builders in all parts of the United Kingdom, 
would be glad to enter into discussions with makers of plastic 
products which would be suitable forexploitationin the building 
and allied industries in the post-warera, Write, Box No. 3040, 
c/o “* PLASTICS.” 86/2958 
ART PATTERN & KNIFE CO., Bedford Street, Leicester. 
Express delivery of Press Punches, Knives, Cutters, and Hand 
Punches, of every type. Also light Engineering. 86/2670 
BAKELITE MOULD DESIGNER accepts evening work, com- 
pression, transfer or injection. Box No. 2929, c/o‘‘ PLASTICS.” 

85/x7 
CONSULT KAY’S upon plastic adhesive problems. Our resea 
laboratories can help you. KAY BROTHERS LTD c 






borough, Reddish, Stockport. 86/287% 
FACTORY TIME legs anat Service rental. Phone, 
Vigilant 4731. E RECORDER, SUPPLY & MAIN- 
TENANCE CoO., 26. TNayiela Rd., Sutton, Surrey. zzz/41 


FOR SALE, By-products for Plastics Industry. Please apply 
for offersto THE OILCAKES & OILSE EDS. TR ADING CO., 

LTD., Stone House, Bishopsgate, London, E,C.2. 86/287 3 
FOR SALE, small Fly-out Presses (Sweeney & Blocksidge 
type), 6” wood turning lathe heads, small polishing spindies, 
small steam hot plates, etc. "Phone: Hounslow 1108. 85/x&8060 
FRA MONO RADIAL HYDRAULIC PUMPS, independent 
two-stage type. HUBERT JONES LTD., Cobden Street, 





Pendleton, Salford, 6. 85/5 
MONOMARE service. Permanent London address, Letters 
redirécted, 5/- p.a. Write BM/MONO76, W.C.1. 86/2671 
MOULDING FIRM have two 70-ton hydraulic presses becoming 


available for priority pees Applications in confidence to 
Box No. 2034. c/o “* PLASTIC? 85/2878 
PULVERISING & GRINDING undertaken for the trade, advice 
given and research undertaken at our experimental stations. 
Three fully vee factories. DOHM LTD., 167, Victoria 
Street, London, 8.W. 95/2885 
REEVES INDUSTRIES LIMITED, Rowe Lane, Urswick Road, 
London, E.9. ‘Phone: Amherst 3133. Piastic Mouldings. 
86/2673 
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the rman who wanted a plastic hat... 


V V ITH our lone experience of plastics research and de- 


velopment and our store of ideas for the future, it is our custom to 
help and advise people with plastics problems ... One day a man 
walked in to see us. He wanted, he said, a plastic hat. 

Well, proud as we are of our products and wide as is the field 
of their applications, we know our limits, so gently but firmly we 
dissuaded him. He was the victim of the popular delusion that 
after the war there is going to be a plastic world—-a plastic every- 
thing. There is, of course, a great future for plastics, and out of 
our war-time experience much new knowledge will emerge to 
benefit designer, manufacturer and public alike. In the meantime, 
with the practical limitations of plastics well in view, we shall be 
pleased to help and advise those who care to consult us. 
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